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PREFACE

This reference guide has been prepared to provide its users with a basic
understanding of work measurement, the intent of MIL STD 1567A, and an
explanation of currently available predetermined time measurement systems,
their application, and potential to meet MIL STD 1567A.

The data contained in this report/reference guide does not represent the
author's opinion but is based on data provided by system vendors and user

references supplied by the vendors.
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A.

I. EXECUTIVE SUMMARY

BACKGROUND OF STUDY

Approximately eight years after the Department of Defense had installed
their Cost Schedule Control System, the United States Air Force released a
criteria-based performance-measurement system commonly known as MIL STD
1567A. In summary, this standard required that contractors maintain a
documented work measurement program which is technically applicable to
acquisition programs that exceed $100 million and production programs that
exceed $20 million annually.

Although the system was basically designed to require contractors to
develop and maintain fabrication and assembly operations standards, it
also requires that appropriate reporting be in place in order to provide

variance analyses and an appropriate audit trail.

Although subjectivity can come into play among contractors during the
installation of MIL STD 15674, the following major requirements are
specified in the standard:

Type 1 standards representing 80% coverage of all touch labor are to
be established, using a recognized and accurate technique to reflect
an accuracy level of £10% at a 90% confidence at the operational

level.

Performance reports must be prepared and variance reports published

for significant deviations.

° A formal audit program must be established and implemented.

To be in compliance, a contractor must utilize such recognized techniques as

time study, standard data, or predetermined time systems. While most

contractors are familiar with time study and standard data, much confusion

surrounds -the selection and application of the most appropriate predetermined



time system for their particular environment. This lack of understanding and
limited source documentation has created discrepancies in their approach,
created unnecessary validation of system data, and hindered acceptance,

resulting in unnecessary implementation costs.

With this in mind, the United States Air Force contracted with Arthur Young &
Company to perform an in-depth review of currently available predetermined
time measurement systems and to compile this data into a single reference
document which could be used by defense contractors in constructing and
evaluating work measurement systems in accordance with MIL STD 1567A.

B. OBJECTIVES

The primary objective of the study was to identify and evaluate currently

available predetermined time systems which would result in the following:

A single source reference document to be used in constructing and

evaluating work measurement systems which meet MIL STD 1567A.
Reduced duplication of evaluation efforts and implementation costs.

Improved contractor understanding of available predetermined time
systems.

Our technical approach was based directly on our understanding of the study
objectives and requirements, and on having used a variety of predetermined

time systems during the implementation of work measurement programs.

Our approach used to review, analyze and evaluate currently available prede-
termined time systems was tailored specifically to the unique requirements of
the United Stated Air Force and MIL STD 1567A, yet based on sound industrial
engineering/work measurement principles. This approach is explained in detail

in this report's section entitled "Technical Approach."



C. STULY FINDINGS

Duriag the study, 14 system vendors and 20 commercially availa?le, predeter—
mined time systems were evaluated. In addition, two systems were <valuated
which provide machining standards, and three software systems were evaluated

whicii utilize comrercially available, predetermined time systems.

Validation documentation, provided by each system vendor, was used to evaliate
the system s accuracy and its ability to be used by ‘efense Contractors to
implement a work measurement program in compliance with MIL STD 1567A. In
addition to or in place of wvalidation documentation, comparisons of the
vendor's system to time studies and/or other predetermined time systems,
provided by the vendor, were used. To test the accuracy, a statistical
analysis using the student's 't" test for matched-pair observations was
performed and accumulated system accuracy was determined by utilizing the
following equation:

6 = 4V .052 + (x)2

Where 6 = accumulated accuracy
.05 = absolute variance from MIM-1
X = absolute variance (in %) of the reviewed system

Many of the systems reviewed compared themselves to MTM-1 analyses. Based on
the MIM-1 tested accuracy of 5% at a 95% confidence level, the accumulated
system accuracy for those systems compared to MIM~1 2re shown on Table 1.0 on
the following page.



TABLE 1.0 ACCUMULATED SYSTEM ACCURACY BY SYSTEM

SYSTEM ACCURACY VARIANCE NET ACCUMULATED
SYSTEM TO MIM~1 SYSTEM ACCURACY
MTM-2 0.23% 5.0%
MTM-3 0.36% 5.0%
MTM~-MEK 3.20% 5.94%
MTM-UAS 1.26% 5.16%
MIM-TE 1.77% 5.30%
MTS 5.08% 7.12%
MANPRO 6.68% 8.34%
CUE 2.62% 5.64%
MSD 0.75% 5.06%
UNIVEL 0.42% 5.02%
MODAPTS 5.90% 7.73%
WORK~FACTOR 18.75% 19.40%

In summary, 19 of the 22 predetermined time systems evaluated were able to be
validated. Those systems unable to be validated are as follows:

° GE Standard Data
° Elemental Standard Data (NAVAIR)
° Metcut Machining Data

During our evaluation of the Work-Factor® system, data provided by the vendor
demonstrated that the system provided values consistently less than MIM-1 and
leveled time studies. The overall deviation was 18.75% and 19.47% less when
compared to MIM-1 and time study, respectively. Based on this data, it was
determined that appropriate leveling would be required to develop standards
which would be in compliance with MIL STD 1567A.

As it relates to the three software systems, their ability to meet the
accuracy requirements set forth in MIL STD 1567A is directly dependent on the

predetermined time system used.



A chart summarizing each system evaluated was prepared and divided into two
sections. The first section evaluated the systems against criteria outlined
in Paragraph 5.1 of MIL STD 1567A while the second section evaluated the

systems against basic system criteria.

D. OONCLUSIONS AND RECOMMENDATIONS

Based on this study, it was concluded that a sufficient number of predeter-
mined time systems are available and can be used by Defense Contractors in
implementing a work measurement program which will meet the requirements set
forth in MIL STD 1567A. In addition, based on discussions with system vendors
and system users, it appears that a number of Defense Contractors have
implemented or are in the process of implementing, work measurement programs
in compliance with MIL STD 1567A. In selected instances, these discussions
revealed that some Defense Contractors have passed Government audits in
relation to MIL STD 1567A.

In summary, the following conclusions were realized based on the results of
this study:

Majority of the predetermined time systems evaluated could be used by
Defense Contractors to implement a work measurement program in compliance
with the MIL STD 1567A as identified in Paragraph 5.1.

Accuracy requirements, as stated in Paragraph 5.1 of the MIL STD, place
the ability to meet this requirement on the application of the system and
the final product or Type I standard and not on the system itself.

Accuracy of the Type I standard derived from using one of the systems
verified during the study will directly depend upon the accuracy of the
system applicator.

For those systems in which their theoretical accuracy was unable to be
verified, the potential does exist that, if the system 1s properly
applied, resulting standards may meet accuracy requirements for Type I
engineered labor standards.



As the burden of selecting and implementing a work measurement program is
the responsibility of the Defense Contractor, it is believed that this
reference guide will provide a useful resource for identifying and

selecting an appropriate work measurement system.

Based on this study, a number of recommendations were developed as follows:

The United States Air Force should consider performing an evaluation of
applicator accuracy achieved when applying those predetermined time
systems identified in the study during the development of Type I
standards. Consistency in application will be a key factor in developing
standards in compliance with MIL STD 15G7A.

The United States Air Force should recommend that Defense Contractors not
only evaluate and select systems based on their projected level of

accuracy, but that they should also consider the following:

- System Application Method

- System Flexibility

= Training and Certification Requirements
= System Maintenance and Support

= System/Implementation Costs

= Implementation Time Requirements

The United States Air Force should consider sponsoring a joint defense-
contractor/system-vendor seminar in which the study team presents the
study findings and Contractors are invited to ask questions and express
concerns relating to MIL STD 15G7A.

In summary, the results of this study have provided the United States Air

Force with a comprehensive Reference Guide to be provided to Defense

Contractors and to be used as a guide to evaluate and select those systems

which best fit their needs in implementing a work measurement program. Having

been developed to present an overview of each available predetermined time

system, the Reference Guide will provide a useful starting point and tool for

identifying appropriate predetermined time systems.

-6~



IT. TECHNICAL APPROACH

The technical approach used to review, analyze and evaluate currently avail-
able predetermined time systems involved a single phase with seven major
tasks. A detailed outline of the technical approach used is discussed in the
following paragraphs.

Phase I - Evaluate Predetermined Time Systems and Develop
Reference Guide

During this single phased study, the project team identified, evaluated and
documented in a reference guide, all currently available, predetermined time
systems which were found to meet MIL STD 1567A and whose manufacturers were
willing to provide sufficient validation documentation. ' The following tasks

illustrate the work completed during this study.

® Task 1 - Identify Cammercially Available Predetermined
Time Systems

In order to identify currently available predetermined time systems,
the project team performed the following subtasks:

= Subtask 1.1 - Literature Survey

During this subtask a computerized literature search was
conducted by accessing an estimated 20 data bases. (See Exhibit
1.0.) As a result of this review, approximately 20 articles
addressing MIL STD 1567A, predetermined time systems, and
evaluation procedures were identified and retrieved.

= Subtask 1.2 - Development of Forms

Prior to soliciting system-related data from system vendors, an

introductory letter and survey questionnaire were developed and

sent to each prospective system manufacturer. (See Exhibit
2.0.) The questionnaire dealt with general system-related data
and provided team members with a guide to use during follow-up
phone surveys.



- Subtask 1.3 - Phone Contact Procedures

Approximately three days after having sent the questionnaire to

vendors, project team members initiated phone surveys. During
those phone surveys, 16 vendors were interviewed and 30 prede-

termined time systems were identified for evaluation.

Task 2 — Market Survey Briefing

Having identified and surveyed vendors, a briefing was prepared and

presented to Air Force personnel. During this meeting, the following

data was presented:

- Systems identified and general description data. (See Exhibit
3.0.)

= Recommendations as to systems to be further evaluated. (See
Exhibit 4.0.)

= Procedures to be wused in handling confidential and/or
proprietary system data provided by vendors.

- Approach to be used in evaluating and ranking systems.

Task 3 — Evaluate Systems Identified
Utilizing system data provided by the vendors, a MIL STD 1567A

compliance evaluation for each system was completed. Based on this
evaluation, additional data required was identified for collection
during future tasks. Having completed the evaluation, a final
compliance summary was prepared. (See table in System Descriptions
Section.)

Task 4 - Evaluate System Validation Documentation

Utilizing the statistical data provided by the vendors, an evaluation

was conducted as to the approach used and the validity of the backup
data provided. The wvalidation process included the use of the

student's "t" test for matched-pair observations, validation of basic



element structures, and accumulated system accuracy. Based on this
review, it became apparent that the following system validation was

commonplace among the vendors:

= Statistical data analyzing the micromotions and/or basic detail
was no longer available; or, if available, not able to be
provided; or would involve extensive in-depth review of motion

films and analyses.

= Basic system validation has been based on comparisons to other
predetermined time systems, with the majority comparing
themselves to MTM-1.

During the validation process, two vendor site trips were

conducted, with the following vendors visited:

°® Serge A. Birn (MSD)

°® MIM Association (MIM)

°® H. B. Maynard (MOST®)

°® METCUT Research Associates (METCUT)

°® General Analysis, Inc. (CUE)

°° Management Research Frontiers, Inc. (MODAPTS™)
°®  Methods Management (MANPRO™)

°® Management Science, Inc. (UNIVEL®)

Task 5 — Prepare and Present Draft Report
Having concluded the data collection/validation effort, the project

team utilized the data provided, prepared and presented the draft
final report. This report included the following:

= Executive Summary
- Technical Approach
= System Accuracy

= System Descriptions



In addition to the draft report, validation data provided by the

vendors was compiled and presented under separate cover.

Task 6 — Prepare Final Report

Incorporating review comments by Air Force representatives, a final

report/reference guide was prepared including all coments, and
submitted for final approval.

Task 7 — Prepare and Present Reference Guide

Utilizing the data provided by vendors, general system descriptions

were prepared and sent to each vendor for their review and comments.
Based on their comments, system descriptions were finalized and a
draft Reference Guide was prepared and presented to the Air Force.
In addition to the system descriptions, four additional sections were
included in the draft Reference Guide as follows:

- Preface
- Work Measurement Overview
- MIL STD 1567A Overview

- System Accuracy

Incorporating review comments by Air Force representatives, the final
report and reference guide were combined into one report containing

the following sections:

= Preface

- Executive Summary

= Technical Approach

= Work Measurement Overview
- MIL STD 15G7A Overview

= System Descriptions

- System Accuracy

_10_



WORK. MEASUREMENT OVERVIEW

Man's desire to know how long it should take to perform a given task not only
exists today, but has existed since ancient times. As might be expected,
there can be numerous reasons for wanting to identify how long a particular
task and/or job will take to complete. Although one reason may be no more
than to satisfy our curiosity, realistically, work measurement is usually
performed to provide management with an accurate and consistent basis in which
to:

5 Plan work
° Determine performance
° Cost products

As might be expected, management is continually faced with making decisions
involving the efficient use of the company's resources, whether it be
manpower, machines or material. Having available accurate times, management
can more effectively plan and budget as well as direct the fabrication and
assembly of parts and components into final product. Work measurement
provides management a more complete and accurate tool to present how work is
being performed. It is through this knowledge that management can make
factual decisions and improvements to its respective manufacturing process.

Work measurement, therefore, is not only a means in which to establish times
for tasks being performed, but a means to benefit management, the worker and
ultimately the consumer.

The real value of analyzing work and developing engineered standards is to

provide management with the ability to:

o

Establish rational goals and objectives

o

Measure/evaluate performance and utilization of resources (i.e.,
manpower, material and machines)

-11-



o Identify the true source of the problem

2 Justify method/process changes

Although there are many techniques now available, the original concept used in
developing standards was ''guessing.” Today's version of guessing, although no
more accurate or faster, has become more sophisticated, is known as the

"educated guess," and is supported by:

= Intuition
° Personal experience

o

Inherent ability or inability to make a confident-sounding response

Once work 1is completed and recorded, data is available to be used in
estimating future work standards. Based on this information, the second
generation of standards development, '"historical data," evolved. This
approach accurately told what had taken place, but to be used to accurately
predict what will happen in the future required two important assumptions:

Manufacturing conditions, and the products which were the original
basis for the standard, are the best and will not change.

° Tasks to be performed in the future will continue to be the same as
those performed when the historical data was developed.

As increasing interest was placed on the development and accuracy of standards
and measurement techniques, the third concept, '"time study,'" evolved. Through
the efforts of many early innovators of measurement techniques, work was
viewed as samething which could be controlled and/or engineered. Basically,
there was no known reason why work should be performed in a haphazard manner,
utilizing poor methods. Based on the assumption that workers could be
instructed in the best method to perform specified tasks, it was concluded
that each task should be broken down into basic elements which could then be
arranged to produce a more efficient approach to performing the work. To
accomplish this, a stopwatch was then used to determine actual times for each
of these tasks. To be able to use these times, for other workers performing

-12-~



the same or similar tasks, required the analyst to rate the individual's work
pace/skill and adjust the time to meet a level reflecting 100% effort and
skill. Although a widely used technique, time study had three significant
drawbacks:

The analyst must have the skill and experience to accurately rate or

compare the operator to the 100% performance level.

No matter how expensive and/or accurate the stopwatch may be, it
cannot accurately forecast or predict times for future situations.
Its basic capability is in developing times for what has already
occurred.

Considering the variety of tasks being performed, the number of
observations required, and how well the method has been defined, time

study can be a very labor-intensive and costly technique.

Using the time study approach of breaking tasks into basic elements, it became
apparent that the majority of manual operations are combinations of basic
elements. By studying each of these elements, early engineers were able to
determine the most effective work methods, which resulted in reduced motion
content for a given work task. This approach soon became known as motion
study. By combining time study with motion study, the best of both techniques
were realized and ''predetermined time systems" (PTS) were created. Fach of
the PMIS developed utilizes time/motion-study data to assign times to
individual basic motions. Utilizing these predetermined times and motions,
the measurement process becomes simply a procedure of selecting the best
method or motion sequence to perform a given task and assigning the
appropriate pre-established time for each of the motions selected. This
approach provides the engineer with the ability to:

o

Predict future task time requirements.

2 Utilize a stopwatch for minor process times.

i Sl



Eliminate the need to rate operator performance. (Most systems have
leveled their times to reflect 100% performance.)

Focus on the work performed and method used.

In addition to the above-mentioned advantages, a predetermined time system
also provides a cost-effective approach to developing, implementing and

maintaining work standards.

Over the past 10 years, computers have played an integral part in enhancing
the flow of information. Realizing the benefits which can be derived from
utilizing computers for data flow and analysis, it was only a matter of time
before industrial engineers began using the computer to develop and maintain
standards. Utilizing the computer's speed, accuracy, and ability to sort, the
"computerized" phase of measurcment techniques began to evolve. Having a
computerized system available for developing and maintaining standards allows

the analyst to focus on more productive tasks by:

Eliminating routine work, the majority of paperwork and the use of a
stopwatch.

Allowing changes to shop floor conditions to be easily implemented
and documented.

e Allowing standards to be automatically maintained and updated.

Performing analyses two to five times faster than with manual
predetermined systems.

Historically, the major reasons management has been reluctant to develop and
implement engineered standards has been cost, a lack of awareness and
understanding as to systems currently available, and which system best fits
the company's needs. With the development of predetermined and computerized
systems, the cost of implementing and maintaining a standards program has been
reduced when compared to previously available techniques. Therefore, the

major obstacle in the decision process is the selection of the most

-14-



appropriate system. In general, during the selection process, the following
guidelines should be followed:

° High-level measurement systems should be practiced only by properly
trained individuals. Systems should provide controlled and unified

training.

° Since work measurement should be used as a management tool for
identifying potential cost savings, it is essential that the systems
selected be method-sensitive.

Measurement systems used should provide a greater benefit than the
cost of measuring the work; therefore, the system selected should be

cost-effective in its application without affecting its accuracy.

Measurement systems should provide a reliable way for management to
realize the benefits of increased productivity; therefore, the system
selected should provide an accurate data base in which management can

make decisions as it relates to:

— Scheduling
- Product design
= Methods improvement

- Staffing requirements

In summary, the system best suited for a given manufacturing environment is
the one that meets established goals and provides the required level of
accuracy at a reasonable cost. It is evident that selecting an appropriate
system requires a sufficient amount of review, analysis and coordination.
When this effort has been ignored, the system sclected often does not meet the
above criteria, places an undue cost burden to maintain and update, creates
inconsistencies in its data base, and provides management with inaccurate
data.

-15-



It is the consensus of the authors of this final report and reference guide
that it is the intent of MIL STD 1567A (see MIL STD 1567A Overview) to assist
defense contractors in achieving increased discipline in their work
measurement programs, resulting in improved productivity and efficiency. In
addition, it is the objective of the Air Force to assist contractors in
identifying and selecting appropriate measurement systems by providing a
reference guide which presents, in summary fashion, currently available

predetermined time systems.

-16-



MIL STD 1567A OVERVIEW

FOREWARD

The purpose of this standard is to assist in achieving increased discipline in
contractors' work measurement programs with the objective of improved
productivity and efficiency in contractor industrial operations. Experience
has shown that excess manpower and lost time can be identified, reduced, and
continued method improvement made regularly where work measurement programs

have been implemented and conscientiously pursued.

Active support of the program by all affected levels of management, based on
an appreciation of work measurement and its objectives is vitally important.
Work measurement and the reporting of labor performance is not considered an
end in itself but a means to more effective management. Understanding the
implication inherent in the objectives of the work measurement program will
promote realization of its full value. It is important that objectives be
presented and clearly demonstrated to all personnel who will be closely
associated with the program.

The following are benefits which can accrue as a result of the employment of a
work measurement program:

(a) Achieving greater output from a given amount of resources.

(b) Obtaining lower unit cost at all levels of production because
production is more efficient.

(c) Reducing the amount of waste in performing operations.

(d) Reducing extra operations and the extra equipment needed to perform
these operations.

(e) Encouraging continued attention to methods and process analysis

because of the necessity for achieving improved performance.

-17-~



(f) Improving the budgeting process and providing a basis for price
estimating, including the development of Government Cost Estimates

and should cost analyses.

(g) Acting as a basis for planning for long-term manpower, equipment and

capital requirements.

(h) Improving production control activities and delivery time estimation.

(i) Focusing continual attention on cost reduction and cost control.

(J) Helping in the solution of layout and materials handling problems by
providing accurate figures for planning and utilization of such

equipment.

(k) Providing an objective and measured base from which management and
labor can project piecework requirements, earnings, and performance

incentives.

While recognizing the benefits that may normally be expected from the require-
ment for a work measurement system, it is DOD policy to selectively apply and
tailor standardization documents to to ensure their cost-effective use in the
acquisition process. Each program office should carefully consider, within
DOD and Service guidelines, benefits and costs of imposing MIL STD 1567 on
each specific acquisition. Contractors may propose document application and

tailoring modifications with supporting rationale for such modifications.

The DOD is committed to development and coordination with industry of detailed
application guidance to accompany MIL STD 1567. The purpose of this guidance
is to provide non-contractual information on when and how to use the document,
the source of and flexibility inherent within specific document requirements,
information on what is required to satisfy document requirements, and the
extent of Government review and approval. The guidance is intended to promote

consistency in application and interpretation of MIL STD 1567 requirements.
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Until this guidance can be issued in the form of an "Application Guidance"
appendix to MIL STD 1567, or in a separate Military Handbook, the following
applies:

(a) VUse and correct application of appropriate predetermined time systems
can be assumed to satisfy Govermment requirements for system

accuracy.

(b) The contractor and the Government are encouraged to come to an early
agreement of what constitutes an acceptable system satisfying the
intent of this standard.

(c) Care should be exercised in the use of a work measurement system to
ensure that the overall intent is not lost. Management understanding
and attention to the manufacturing process is necessary for increased
productivity. Work measurement provides one of the tools; however,
misuse could result in reduced work-force motivation and
productivity.

Feedback on the success or difficulties encountered (benefits and costs) in
the application of this standard on specific contracts is encouraged.
Contractor/industry and Government experience should be forwarded to the
following address: Commander, Air Force Systems Command, Attn: ALX, Command
Standardization Office, Andrews AFB DC 20334.

1. Scope

1.1 Purpose. This standard requires the application of a disciplined work
measurement program as a management tool to improve productivity on those
contracts to which it is applied. It establishes criteria which must be met
by the contractor's work measurement programs and provides guidance for
implementation of these techniques and their use in assuring cost effective

development and production of systems and equipment.
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1.2 Applicability. This standard is applicable to new/follow-on contracts,
including modifications, as shown in paragraphs 1.2a, 1.2b, 1.2c, 1.2.1 below.
The dollar thresholds indicated are to be based on the current Five-Year

Defense Program (FYDP) budget submissions.

a. Full-scale acquisition-program developments which exceed $100

million.

b. Production, which may include some types of depot-level maintenance
repair or overhaul, that exceeds $20 million annually or $100 million
cumulatively. It shall not be applied to contracts or subcontracts
for construction, facilities, off-the~shelf commodities, time and
materials, research, study, or developments which are not connected

with an acquisition program.

ch This standard is not applicable to ship construction, ship system
contracts which have low-volume non-repetitive production runs, or

service—-type contracts.

1.2.1 Subcontracting. When this standard is applied to prime development or
production contracts, it shall also be applied to related subcontracts and/or
modifications which exceed $5 million annually or $25 million cumulatively.
If it is determined by the prime contractor that such application is not cost-
effective or is inappropriate for other reasons, the prime contractor may
request the Government to waive the specific application. Requests for
waivers shall be supported with the data used to make the determination.

1.3 Contractual Intent. This standard requires the application of a
documented work measurement system. This standard further requires that the
contractor apply procedures to maintain and audit the work measurement
system. It is not the intent of this standard to prescribe or imply
organization structure, management methodology, or the details of

implementation procedures.
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1.4 Corrective Actions. When surveillance by the contractor or the
Government discloses that the work measurement program does not meet the
requirements of this standard, a plan shall be initiated to expeditiously
assure that corrective measures shall be implemented, demonstrated and
documented. The contractor's system is subject to disapproval by the

Government whenever it does not meet the requirements of this standard.

1.5 Documentation. The work measurement program shall include sufficient
documentation to assure effective operation of the program and to provide for
internal audits as required by paragraph 5.14. Documentation shall specify
organizational responsibilities, state policies, and provide operational
procedures and instructions. The results of contractor system audits and
plans for corrective actions shall be made readily available to the Government

for review.

2. Reference Documents

Not Applicable

3. Definitions

3.1 Actual Hours. An amount determined on the basis of time incurred as
distinguished from forecasted time. Includes standard time properly adjusted
for applicable variance.

3-2 Farned Hours. The time in standard hours credited to a worker or group
of workers as the result of successfully completing a given task or group of
tasks; usually calculated by summing the products of applicable standard times
multiplied by the completed work units.

3.3 Iabor Efficiency. The ratio of earned hours to actual hours spent on the

same increments of work during a reporting period. When earned hours equal
actual hours, the efficiency equals 100%.

3.4 Methods Engineering. The analyses and design of work methods and

systems, including technological selection of operations or processes,
specification of equipment type, and location.
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3.5 Operation Analysis. A study which encompasses all those procedures
concerned with the design or improvement of production, the purpose of the
operation or other operations, inspection requirements, materials used and the
manner of handling material, setup, tool equipment, working conditions, and
methods used.

3.6 Predetermined Time System. An organized body of information, procedures
and techniques employed in the study and evaluation of manual work elements.
The system is expressed in terms of the motions used, their general and
specific nature, the conditions under which they occur, and their previously

determined performance times.

3.7 Realization Factor.

(a) A ratio of total actual labor hours to the standard earned hours.

(b) A factor by which labor standards are multiplied when developing

actual/projected man-hour requirements.

3.8 Subcontract. A contract between the prime contractor and a third party
to produce parts, components, or assemblies in accordance with the prime
contractor's designs, specifications or directions, and applicable only to the

prime contract.

3.9 Touch Labor. Production labor which can be reasonably and consistently
related directly to a unit of work being manufactured, processed or tested.
It involves work affecting the camposition, condition or production of a

product; it may also be referred to as '"hands-on labor' or '"factory labor."

NOTE: As used in this standard, touch labor includes such functions as
machining, welding, fabricating, setup, cleaning, painting, assembling,
functional testing of production articles and that labor required to complete

the manually-controlled process portions of the work cycle.

3.10 Touch Labor Standard. A standard time set on a touch labor operation.
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3.11 Type I Engineered Labor Standards. These are standards established
using a recognized technique such as time study, standard data, a recognized
predetermined time system, or a combination thereof to derive at least 90% of
the normmal time associated with the labor effort covered by the standard and
meeting specific requirements of paragraph 5.1. Work sampling may be used to

supplement or as a check on other, more definitive techniques.

3.12 Type II Labor Standard. All labor standards not meeting the criteria
established in paragraph 5.1.

3.13 Standard Time Data. A compilation of all elements that are used for
performing a given class of work with normal elemental time values for each
element. The data is used as a basis for determining time standards on work

similar to that from which the data were determined.

3.14 Touch Labor Normal/Standard Time. Normal time is the time required by a
qualified worker to perform a task at a normal pace to complete an element,
cycle or operation, using a prescribed method. The personal, fatigue, and
unavoidable delay allowance added to this normal time results in the standard
time.

3.15 Operation. (1) A job or task consisting of one or more work elements,
normally done essentially in one location; (2) the lowest-level grouping of
elemental times at which PF&D allowances are applied.

3.16 Element. A subdivision of the operation composed of a sequence of one
or several basic motions and/or machine or process activities, which is

distinct, describable and measurable.

4. General Requirements

4.1 General. Minimum requirements which must be met in the implementation of

an acceptable work measurement program are:

a. An explicit definition of standard time that shall apply throughout

the jurisdiction of work measurement.
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b. A work measurement plan and supporting procedures.

O A clear designation of the organization and personnel responsible for

the execution of the system.

d. A plan to establish and maintain engineered labor standards to known
accuracy.
e. A plan to conduct methods engineering studies to improve operations

and to upgrade Type II1 labor standards to Type I Engineered Labor
Standards in accordance with requirements of paragraph 5.4.

i A defined plan for the use of labor standards as an input to
budgeting, estimating, production planning, and 'touch labor"

performance evaluation.

g. A plan to ensure that system data is corrected when labor standards
are revised according to paragraph 5.11 below.

5. Specific Requirements

5.1 Type I Engineered labor Standards. All Type I standards must reflect an
accuracy of +10% with a 90% or greater confidence at the operation level. For
short operations, the accuracy requirement may be better met by accumulating
small operations into super operations whose times are approximately one-half
hour. Type I standards must include:

a. Documentation of an operations analysis.

b. A record of standard practice or method followed when the standard
was developed.

c. A record of rating or leveling.

d. A record of the standard time computation including allowances.
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e. A record of observed or predetermined time system time values used in

determmining the final standard time.

5.1.1 Predetermined Time Systems. It is not the intent of this Military
Standard to challenge the accuracy of those predetermined time systems whose
inherent accuracy meets the requirements of paragraph 5.1. However, when a
predetermined time system is used, it shall be incumbent on the contractor to
demonstrate to the Govermment that the accuracy of the original data base has

not been compromised in application or standards development.

5.2 Operations Analysis. Operations analysis is considered an integral part
of the development of a Type I Engineered labor Standard. An operations
analysis shall be accomplished and recorded prior to the determination of a
Type I standard and in the improvement of established labor standards.

5.3 Standard Data. The contractor shall take full advantage of available

standard time data of known accuracy and traceability.

5.4 Ilabor Standards Coverage. The contractor shall develop and implement a
Work Measurement Coverage Plan which provides a time-phased schedule for
achieving 80% coverage of all categories of touch labor hours with Type I
standards. (See 3.9, Touch Labor.)

5.4.1 Cost Trade—off Analysis. The Work Measurement Coverage Plan shall be
based on cost trade-off analyses which consider the status and effectiveness

of the contractor's existing work measurement proeram.
(=]

5.4.2 Initial Coverage. Type II Standards are acceptable for initial
coverage. All Type II standards shall be approved by the oragnization(s)
responsible for establishing and implementing work measurement standards and
estimating when Type I Standards have not yet been developed.

5.4.3 Upgrading. The Work Measurement Touch Labor Coverage Plan shall
provide a schedule for upgrading Type II to Type I Standards.
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5.5 Leveling/Performance Rating. All time studies shall be rated by using
recognized techniques.

5.6 Allowances. Allowances for personal, fatigue, and unavoidable delays
shall be developed and included as part of the labor standard. Al lowances
should not be excessive or inconsistent with those normally allowed for like
work and conditions.

5.7 Estimating. The contractor's procedures shall describe how touch labor

standards are utilized to develop price proposals.

5.8 Use of Labor Standards. Iabor standards shall be used:

5-8-1 Budgets, Plans, and Schedules. As an input to developing budgets,

plans and schedules, when available.

5.8.2 Touch Labor Hours. As a basis for estimating touch labor hours when
issuing changes to contracts and as a basis for estimating the prices of
initial spares, replenishment spares and follow-on production buys, when

available.

5.8.3 Measuring Performance. As a basis for measuring touch labor
performance.

5.9 Realization Factor. When labor standards have been modified by
realization factors, major elements which contribute to the total factor shall
be identified. The analysis supporting each element shall be available to the

Government for review.
5.10 Ilabor Efficiency. A forecast of anticipated touch labor efficiency
shall be used in manpower planning, both on a long-range and current

scheduling basis.

5.11 Revisions. Labor standards shall be reviewed for accuracy and
appropriate system data revision shall be made when changes occur to:
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Methods or procedures
Tools, jigs, and fixtures
Workplace and work layout

Specified materials

O & 0 T ©

Work content of the job

5.12 Production Count. Work units shall be clearly and discretely defined so
as to cause accurate measurement of the work completed and shall be expressed
in terms of completed:

a. End items
b. Operations
Iots or batches of end items

5.12.1 Partial Credit. In those cases where partial production credit is
appropriate, the work measurement procedures shall define the method to be

used to permit a timely and current production measure.

5.13 Iabor Performance Reporting. The contractor's work measurement program
shall provide for periodic reporting of labor performance. The report shall
be prepared at least weekly for each work center and shall be summarized at
each appropriate management level; it shall indicate labor efficiency and

shall compare current results with pre-established contractor goals.

5.13.1 Variance Analysis. Ilabor performance reports shall be reviewed by
supervisory and staff support functions. When a significant departure from
projected performance goals occurs, a formal written analysis which addresses

causes and corrective actions shall be prepared.

5.13.2 Report Retention. Performance reports and related variance trend
analyses shall be retained for a six-month period.

5.14 System Audit. The contractor shall use an internal review process to
monitor the work measurement system. This process shall be so designed that
weaknesses or failures of the system are identified and brought to the

attention of management to enable timely corrective action. Written
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procedures shall describe the audit techniques to be used in evaluating system

compliance.

5.14.1

Scope of Audit. The audit shall cover compliance with the

requirements of this standard at least annually. The audit, based upon a

representative sample of all active labor standards and work measurement

activities, shall determine:

5.14.2

The validity of the prescribed method and the accuracy of the labor
standard time values as validated against the data baseline.

Percent of coverage by Type I and Type II labor standards.

Effectiveness of the use of labor standards for planning, estimating,
budgeting and scheduling.

The timeliness, accuracy and traceability of production—count

reporting.

The accuracy of labor performance reports.

The reasonableness and attainment of efficiency goals established.

The effectiveness of corrective actions resulting from variance
analyses.

Audit Reports. A copy of the audit findings shall be retained in

company files for at least a two-year period and shall be made available to

the Govermment designated representative for review upon request.
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SUMMARY

The charts on the following pages summarize each system evaluated and are
divided into two sections. The first section relates to criteria outlined in

Paragraph 5.1 of MIL STD 1567A while the second section relates to basic
system criteria.
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UNITED STATES AIR FORCE
MIL. STD. 1567A COMPLIANCE SUMMARY

PTS VENDOR REVIEW

PREDETERMINED TIME SYSTEMS

CRITERIA

UNIVEL
(MICROCAM,
UNIVATION)

MANPRO
(COMPUTER)

MTM-1
(4M,2M)

MTM-2
(ADAM)

MTM-3

MTM-MEK
(4M,2M, ADAM)

MTM-UAS

(4M,2M ,ADAM)

MTM-V
(4M,2M,ADAM)

MTM-TE
(4M,204)

MTM-M
(4M,2M)

MIL. STD. 1567A COMPLIANCE:
(PER SECTION 5.1)

1) SYSTEM THEORETICAL ACCURACY VERIFIED.

2) PROVIDES AUDIT TRAIL/DETAILED

DOCUMENTATION:

- DOCUMENTATION OF ANALYSIS

- RECORD OF METHOD USED WHEN STANDARD
WAS DEVELOPED

- RECORD OF RATING OR LEVELING

- RECORD OF STANDARD TIME COMPUTATION
INCLUDING ALLOWANCES

- RECORD OF PTS TIME VALUES USED IN
DETERMINING STANDARD TIME

BASIC SYSTEM CRITERIA:

1) S8YSTEM BACK-UP DATA AND/OR
COMPARISONS TO OTHER PTMS AVAILABLE

2) SYSTEM APPLICATION METHOD:
*MANUAL
-PC
-MICRO
~MAINFRAME/MINI

3) SYSTEM FLEXIBILITY:
-REPETITIVE CYCLES
-NON-REPETITIVE CYCLES
-SHORT CYCLE
-LONG CYCLE
NOT APPLICABLE

4) TRAINING/CERTIFICATION REQUIRED:
-SELF-TAUGHT
-SEMINAR
-CERTIFICATION EXAM

S) SYSTEM MAINTENANCE/SUPPORT:
-PROVIDE UPDATES
-RE-CERTIFICATION
-TECHNICAL ASSISTANCE

« INDICATES VENDORS MET COMPLIANCE AND/OR CRITERIA

S

»




UNITED STATES AIR FORCE
MIL. STD. 1567A COMPLIANCE SUMMARY

PTS VENDOR REVIEW
PREDETERMINED TIME SYSTEMS
NAVAIR [MODAPTS PLUS
MTS G.E. STND DATA CUE MSD ESD (MODAPTS [BASIC MOST| MINI MOST | MAXI MOST |WORK-FACTOR
CRITERIA (CASA 1, 1] (cASA ) (DART) (MOD 1) |(COMPUTER)| PLUS-SUITE) |(COMPUTER)|(COMPUTER)|(COMPUTER)] (wocom m)
MIL. STD. 12 A COMPLIANCE:
(PER SECTION 3.1}
1) SYSTEM THEORETICAL ACCURACY VERIFIED. . . . . . . . .
2) PROVIDES AUDIT TRAIL/DETAILED
DOCUMENTATION:
- DOCUMENTATION OF ANALYSIS . . . . . . . . . .
- RECORD OF METHOD USED WHEN STANDARD . . . . . . . . . .
WAS DEVELOPED
« RECORD OF RATING OR LEVELING N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
- RECORD OF STANDARD TIME COMPUTATION . . . . . . . . . .
INCLUDING ALLOWANCES
- RECORD OF PTS TIME VALUES USED IN . . . . . . . . . .
DETERMIN!NG STANDARD TIME
BASIC SYSTEM CRITERIA:
1) SYSTEM BACK-UP DATA AND/OR
COMPARISONS TO OTHER PTMS AVAILABLE . . . . . . . :
2) SYSTEM APPLICATION METHOD:
“MANUAL . . . . . ' . . . .
-PC . . . . . . . .
-MICRO . . . . . ! . . .
-MAINFRAME/MINI . . . . . .
3) SYSTEM FLEXIBILITY:
-REPETITIVE CYCLES . . . . . . .
-NON-REPETITIVE ZYCLES . . . . : . . .
-SHORT CYCLE . . . . . o .
-LONG CYCLE . . . . . . . .
-NOT APPLICABLE
4) TRAINING/CERTIFICATION REQUIRED:
-SELF-TAUGHT . . . . :
-SEMINAR . . . . . . . . . .
-CERTIFICATION EXAM . . . . . . . .
5) SYSTEM MAINTENANCE/SUPPORT:
-PROVIDE UPDATES . . o . . . . o 0
-RE-CERTIFICATION . . . . .
-TECHNICAL ASSISTANCE : . E A ! . 4 . ’ .

+ INDICATES VENDORS MET COMPLIANCE AND/OR CRITERIA




UNITED STATES AIR FORCE
MIL. STD. 1567A COMPLIANCE SUMMARY
PTS VENDOR REVIEW

MACHINING OPERATIONS DATA

CRITERIA

AM COST
ESTIMATOR

METCUT
{CUTDATA)

UNITED STATES AIR FORCE
MIL. STD. 1567A COMPLIANCE SUMMARY
PTS VENDOR REVIEW

CRITERIA

SOFTWARE PACKAGES

EASE
(MTM-2)

CSD

{4M)

SUPERCAPE
(ANY) (1)

MIL. STD. 15674 COMPLIANCE:
(PER SECTION 5.1)

1) SYSTEM THEORETICAL ACCURACY VERIFIED.

2) PROVIDES AUDIT TRA'/DETAILED

DOCUMENTATION:

- DOCUMENTATION OF ANALYSIS

- RECORD OF METHOD USED WHEN STANDARD
WAS DEVELOPED

- RECORD OF RATING OR LEVELING

- RECORD OF STANDARD TIME COMPUTATION
INCLUDING ALLOWANCES

- RECORD OF PTS TIME VALUES USED IN
DETERMINING STANDARD TIME

MIL. STD. 1567A COMPLIANCE:
(PER_SECTION 5.1)

BASIC SYSTEM CHITERIA:

1) SYSTEM BACK-UP DATA AND/OR
COMPARISONS TO OTHER PTMS AVAILABLE

2) SYSTEM APPLICATION METHOD:
-MANUAL
-PC
-MICRO
-MAINFRAME/MINI

3) SYSTEM FLEXIBLITY:
~MACHINING PROC. ONLY
“MACHINING PROZ. AND MAMUAL OPNS.
-REPETITIVE CYCLES
-NON-REPETITIVE CYCLES
~SHORT CYCLE
-LONG CYCLE
“NOT APPLICABLE

4) TRAINING/CERTIFICATION REQUIRED:
-SELF-TAUGHT
-SEMINAR
-CERTIFICATION EXAM

5) SYSTEM MAINTENANCE/SUPPORT:
-PROVIDE UPDATES
-RE-CERTIFICATION
-TECHNICAL ASSISTANCE

1) SYSTEM THEORETICAL ACCURACY VERIFIED.

2) PROVIDES AUDIT TRAWJDETAILED

DOCUMENTATION:

- DOCUMENTATION OF ANALYSIS

- RECORD OF METHOD USED WHEN STANDARD
WAS DEVELOPED

- RECORD OF RATING OR LEVELING

- RECORD OF STANDARD TIME COMPUTATION
INCLUDING ALLOWANCES

- RECORD OF PTS TIME VALUES USED IN
DETERMINING STANDARD TIME

N/A

N/A

N/A

BASIC SYSTEM CRITERIA:

1) SYSTEM BACK-UP DATA AND/OR
COMPARISONS TO OTHER PTMS AVAILABLE

2) SYSTEM APPLICATION METHOD:
-PC
-MICRO
-MAINFRAME /MINI

3) SYSTEM FLEXIBILITY:
-REPETITIVE CYCLES
-NON-REPETITIVE CYCLES
-SHORT CYCLE
-LONG CYCLE
-NOT APPLICABLE

4) TRAINING/CERTIFICATION REQUIRED:
-SELF-TAUGHT
-SEMINAR
-CERTIFICATION EXAM

5) SYSTEM MAINTENANCE/SUPPORT:
-PROVIDE UPDATES
-RE-CERTIFICATION
-TECHNICAL ASSISTANCE

N/A

N/A

N/A

N/A

N/A

N/A

+ INDICATES VENDORS MET COMPLIANCE AND/OR CRITERIA

»

e

(1) DOES PROVIDE OWN STANDARD DATA PROGRAM

> INDICATES VENDORS MET COMPLIANCE AND/OR CRITERIA

<
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MOTION TIME SURVEY (MTS)

QONTACT: Gary R. Conte or Daniel T. Keonig

OOMPANY: General Electric Company, Corp. Engineering & Manf.
ADDRESS: 1285 Boston Avenue, Bridgeport, CT' 06601-2385
PHONE : (203) 382-2719

SYSTEM HISTORY :

The first attempts to utilize motion study at General Electric were initiated
in 1933-34 with Segur's System, Motion Time Analysis, which applied time
values to movements. Enhancements to this technique were made by adjusting
Segur's times to values which could be maintained by an operator over a full
day. This was done by developing a method which compensated for reduction in
operation time as an operator gained proficiency. In addition, the manual and
the method of recording were abbreviated. This revised version was known as
Modified Motion-Time Analysis. In 1948 a committee was formed to evaluate the
various motion time data systems and Motion Time Survey (MIS) was adopted for
use throughout the General Electric Company.

The first computerized version of MIS, Computer Aided Station Analysis 1
(CASA I) was developed by General Electric and was first installed in December
1982. As a result of continuous systems development and enhancements, General
Electric upgraded the CASA I software package into a software package that
could be used by plants with medium to high- volume needs and was compatible
with a larger number of computer hardware systems. Computer Aided Station
Analysis IT (CASA II) was introduced in early 1985 and was first installed in
March 1985.

SYSTEM DESCRIPTION:

Motion Time Survey (MTS) is a manual, predetermined time system in which the
basic movements and motions required to perform most industrial operations
have been combined into five groups designated by Transports, Gets, Places,
Precision, and Miscellaneous. Time values have been developed to represent the

total time required to perform each movement within a group.
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Camputer Aided Station Analysis I and II are computer software packages that

use the

MTS Data base. Fach of these systems have features which mke

development and maintenance of work standards easier by requiring less time

than the manual approach. System features are as follows:

CASA I1:

o
o

o

Compiled Programs — Faster Response
Improved Functional Operation Capabilities
Enhanced Workplace Layout Graphics
Universal Data Retrieval Capability
Compatible with IBM XT or AT

Hard-disk Data Storage Option

Multi-terminal Network - Hard-disk Data Storage

"Oracle'" Relational Data-base Management System

Enhanced Analysis Capabilities - Fast response

Universal Data (Plant Data) Generation and Insertion

Operational Standard Generation

Mass Updating of Universal Data Changes

Potential to Interface and Support "CAPP" (Computer-Aided Process
Planning) Systems

SYSTEM APPLICATION:

MTS can be applied either manually or by computer as follows:

°  MANUAL:

The MIS system utilizes a standard form, the Motion Time Survey Worksheet,

for documenting the methods used to perform work and their appropriate

time values.

Initially the analyst must document the workplace layout where the work is

performed. This includes arrangement of tools, materials, and equipment.

The actual analysis of the operation is documented on the MTS worksheet.

MTS is based upon the principle that, in its simplest form, any operation
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becomes a series of related get-and-place elements. The entire operation
is recorded, 1listing consecutive elements of work performed by the
operator's left hand and right hand. 1If visualized, the method must be

verified by actual shop floor observation.

Time values documented on the worksheet are for one hand only as
identified during the analysis of left-hand/right-hand performance. The
longer required time becomes the recorded time. In recording the time
values for each element, the transport is determmined first, followed by
the get or the place, the precision, and finally by any applicable miscel-
laneous item.

After the total time for each element has been calculated for the
operation, allowances reflecting experience levels, and other applicable
constraints, are determined and applied in order to arrive at the work
standard for the studied activity.

MIS is best suited for short—cycle jobs that are highly repetitive with no
variations.

OOMPUTER :

The methodology of the CASA I and CASA II systems are the same as MTS,
although the application is different. The same information documented on
the Motion Time Survey worksheet is input via computer into the CASA I, II
systems. This is accamplished by using system-defined action codes.
These action codes are in the form of working tables and tell the computer
what additional inputs to expect and are set up to automatically ask for
the required information. The action codes indicate different combina—
tions of movement that are taking place (i.e., GET & PLACE, GET, GET &
DISPOSE, etc.).

As with MIS, the computerized CASA I and II versions are best suited for
short—cycle, highly repetitive, no method-variation activities.
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The hardware systems on which the CASA I and CASA II software can operate
are as follows:

= CASA I - IBM PC/XT or compatible computer (Single-user)

- CASA II - DEC/VAX, IBM/VM-CMS, Prime, Honeywell/DPS6 (Multi-user)

TRAINING/TECHNICAL ASSISTANCE:

The system vendor provides user training and implementation assistance in-—
house or at the user's facility. The training approach taken is a combination
of classroom lecture and hands-on system application. MTS requires two weeks
of training, and the CASA I and II systems require two to three weeks of
training and implementation assistance. Additionally, a one-week instructor
workshop is provided to train qualified individuals in the instruction of MTS

and CASA I, II. No certification is required for use of the systems.

SYSTEM QOSTS:
COST CATEGORY LIST PRICE
Perpetual License Fee for MTS $10,000
MTS Training (two weeks on-site) $10, 500
CASA I Software and Training (two weeks $20,500
on-site)
CASA II Software, Installation and $57,500

Training(l) (three weeks on-site)

NOTE: (1) Software requires Oracle Relational Data-base Management
System (RDBMS) and FRIL interface language rights. The
estimated costs for each are:

° FRIL Interface Language

- Run-time version $10,000
- Full-time version $50,000
& Oracle RDBMS $50,000 - $75,000
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OOMPLIANCE WITH MIL STD 1567A:

The MTS predetermined time system is in compliance with the specific require-
ments set forth in MIL STD 1567A. Based on our review of statistical backup

data provided by the vendor, the system will theoretically generate standards

with an accuracy of at least +10% at a 90% confidence level. (See System
Accuracy Section). Those specific requirements which have been met are as
follows:

o All Type I standards must reflect an accuracy of +10% with a 90% or

greater confidence at the operation level.

Documentation of an operations analysis.

° A record of standard practice or method followed when the standard
was developed.

° A record of rating or leveling.

A record of the standard time computation including allowances.

A record of observed or predetermined time system time values used in

determining the final standard time.

° Provision of an audit trail down to the elemental standard time

level.

STRENGTHS AND WEAKNESSES:

Strengths and weaknesses and/or constraints identified are based on
discussions with users of the MTS predetermined time system. The coments
listed below are based on these discussions and, while a broad range of
industries were sampled, comments should not be considered universal and

therefore may not be applicable to all manufacturing environments:

9 Easy to apply.
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° Computerized application provides improved speed, accuracy and
consistency of application, and enables the user to more easily
modify standards, perform mass updates, and develop and analyze

"what-if" method-improvement scenarios.

° Generates good documentation of the work sequence or process being
analyzed.

° System is well-accepted by direct labor personnel.

The computer application can allow for direct input of operation
descriptions, based on observation of the operation, without having

to document the operations and then input into the system.

° Two computerized versions are available, each having its own
capabilities and features, thus providing a user the ability to

evaluate each based upon his particular needs.

2 The system was developed by utilizing the system vendor's accepted
terminology and may require interpretation by users outside of the
company.

° The system is best suited for short-cycle, highly repetitive, no

method-variation activities.

SYSTEM USERS:

General Electric has not actively marketed its systems outside of its company;
however, those companies which were previously held by GE retained and are
applying MIS, CASA I and CASA II. Specific areas in which the systems are
currently being used, and the number of users in each area, are as follows:
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° Electronics Assembly
= Electrical /Mechanical
° Consumer

° Materials

° External

REFERENCE SOURCE:

General Electric Company

10
32
32
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G.E. STANDARD DATA

QONTACT: Gary R. Conte and Daniel T. Koenig

OOMPANY: General Electric Company, Corp. Engineering & Manufacturing
ADDRESS: 1285 Boston Avenue, Bridgeport, CT 06601

PHONE : (203) 382-2719

SYSTEM HISTORY:

G.E. Standard Data was developed by General Electric at the company's facility
in Schenectady, New York, in 1963. The system's first application was in the
same facility in 1965.

Computer Aided Station Analysis III (CASA III) was developed by General
Electric in 1985. The system's first application was in June of 1985 at G.
E.'s Space Systems, in Valley Forge, Pennsylvania.

The Computer Aided Methods Analysis (CASA/CAMA) integrated system is the
latest development in support of General Electric's desire to integrate

management's manufacturing decision-making activities.

SYSTEM DESCRIPTION:

G.E. Standard Data is a manual predetermined time system which is based on
Motion Time Survey (MTS) analyses of:

° Body Movements ° Mental Progress
- clean 2 Position and Align
- file
— equipment preparation ° Secure and Loosen
- maintenance

% Tool Handling
° Hand Manipulations

2 Measure and Gage
= Layout and Mark

Time studies were used to determine times for using cranes, journal jacks,
etc. G.E. Standard Data is comprised of 90 Standard Data Codes.
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The Motion Time Survey elements used to develop the G.E. Standard Data are
available in the manual, "Element Analysis for G.E. Standard Data", in which
backup for all the standard data is provided.

CASA III is a computer software package that uses the G.E. Standard Data
Base. CASA III was developed as an enhancement to the CASA II system and
retains the prime features. The system utilizes the "ORACLE" Relational Data
Base Management System and provides for four Variable Data Inputs, including
use of G.E. Standard Data Tables, Plant Level Generated Tables and Formulas.
CASA III also generates Universal and Operational Level Standards with mass
updating capability. The CASA III system was developed to meet the needs of a
large plant with low volume production.

CASA/CAMA is an integrated engineered time standards and process planning
system using relational data base computer software. It is a mechanism for
integrating engineered time standards and process planning into one computer—
generated system. It provides for the integration of methods description,
application of incremental standards, and the resulting generation of a
process plan. CAMA can be fully integrated with the CASA II and CASA III
systems and provide source data for Computer Integrated Manufacturing (CIM).

SYSTEM APPLICATION:

® G.E. Standard Data

Uses a technique called '"Coded Variables Technique'" in the application of
the system. This technique was developed to reduce the amount of time
required to build application tables using standard data. The features of
this technique are: 1) selection of elements of a standard is made from a
small code book; 2) the necessary information to specify the elements of
a standard are recorded in a definite pattern on an analysis form; 3)
analysis form is designed so that associated connecting 1links (such as
miscellaneous body moves, transports, and walking standards) can be
recorded on the same line with the standard used to record the main
activity; and 4) the lookup and extending of time values may be done by a
clerk thus allowing the analyst to devote more time and effort to Jjob

analysis.
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When using the coded variables technique for analyzing manual operations,
the analysis is recorded on a preprinted analysis sheet. The analyst
indicates on this sheet each standard that is used and the variables that
determine the time to be allowed. After the analysis has been campleted,
the time values must be looked up in the coded variables tables and re-
corded on the analysis sheet. If the analysis was performed using the
visualization process, it must be verified by actual shop floor observa-
tion. G.E. Standard Data is best suited for long cycle, low repetition
types of work.

Casa III System

In developing standards with the CASA III computer system, the analyst
must perform the same job analysis activities as described for the manual
application of G.E. Standard Data. The standards are developed on the
computer screen by first inputting the "Header Information' which includes
a standard number, definitions of move distances or transports for the
work place, and description and location of objects in the work place.
Next the elemental data relating to the activity is input by entering the
appropriate action codes and variables. The CASA III system will automa-
tically translate the codes and variables into verbage describing the
activity. This verbage can be edited to give a more detailed activity
description without altering the underlying action codes or variables.
Each element of the standard development is entered in this manner until
the entire activity has been input. The CASA III system automatically
calculates the elemental time values and totals them for the standard.
Any additional information needed to complete the standard, such as setup

times, machine run times, allowances, prorates, etc., may be input.
The work environment best suited for using CASA III is long cycle, low
repetition types of work. Typical operations that may be analyzed by any

of the CASA systems are:

S Conveyor Asserblies ° Spot Welding ° Bench Assemblies

2 Machine Tapping ¢ Punch Press ° Riveting Machines
o Drill Press ° Hand Taping Operations
° Milling Machine ® Manual Portions of Automatic Machine Cycles
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The multiuser hardware systems on which the CASA III software can operate

are as follows:

°  DEC/VAX
°  IBM/VM
°  CMS

°  PRIME

° HONEYWELL/DPS6

TRAINING/TECHNICAL: ASSISTANCE:

The system vendor provides user training and implementation assistance in-
house or at the user's facility. The training approach taken is a combination
of classroom lecture and hands-on system application. G.E. Standard Data
requires 80-120 hours of training, and the CASA III system requires
approximately three weeks of training and implementation assistance. The CASA
III/CAMA system requires approximately five weeks of on-site training and
implementation assistance. Additionally, a one-week instructor workshop is
provided to train qualified individuals in the instruction of G.E. Standard
Data and the CASA III systems. No certification is required for use of the

systems.
SYSTEM OOSTS:
COST CATEGORY LIST PRICE
S Perpetual License Fee for G.E. Standard $10,000
Data.
S G.E. Standard Data Training (2-3 weeks $15,750
on-site)
° CASA III Software, Installation and $67,500

Training (3 weeks on-site) (1)
°  CASA III/CAMA Software, Installation, and  $38,000
Training (5 weeks on-site) 1)

See "NOTE" on the following page.
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NOTE: (1) Software requires Oracle Relational Data Base
Management System (RDBMS), and FRIL Interface
Language Rights. The estimated costs for each are:

¢ Oracle RDBMS - $50,000 - $75,000
° FRIL Interface Language:
- Run-time version - $10,000
-  Full-time version - $50,000

OOMPLIANCE WITH MIL STD 1567A:

The G.E. Standard Data system utilizes the time elements developed by the GE-
MIS predetermined time system. The accuracy level of this system is directly
related to the potential accumulated percent error which could not be deter-
mined, as the necessary statistical data could not be provided. Those basic
requirements, as specified in the MIL STD, which are in question, are as

follows:

° All Type I standards must reflect an accuracy of +10% with a 90% or

greater confidence at the operation level.

Those requirements which the system does meet are as follows:

Documentation of an operations analysis.

= A record of standard practice or method followed when the standard

was developed.

A record of rating or leveling.

A record of the standard time computation including allowances.

° A record of observed or predetermined time system time values used in

determining the final standard time.
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o Provision of an audit trail down to the elemental standard time

level.

STRENGTHS AND WEAKNESSES:

Strengths and weaknesses and/or constraints identified are based on
discussions with users of the G.E. Standard Data predetermined time system.
The comments listed below are based on these discussions and, while a broad
range of industries were sampled, comments should not be considered universal

and therefore may not be applicable to all manufacturing environments:

° As a standard data system, it provides a substantial amount of
standard data related primarily to mechanical and electronic
manufacture, and assembly activities which reduces standards

development efforts.

S Computerized application provides improved speed, accuracy and
consistency of application, and enables the user to more easily
modify standards, perform mass updates, and develop and analyze

"what-if" method improvement scenarios.

The computerized system is fully integrated into a computer-aided
process planning system (CAPPS) that is developed and supported by
the system vendor.

Generates good documentation of the work sequence or process being

analyzed.

The system was developed utilizing the system vendor's accepted
termminology and may require interpretation by users outside of the

company.

The system is best suited for long cycle, low repetition types of
work.

The computer system user manual is somewhat brief due to the ongoing
development of the system.
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SYSTEM USERS:

General Electric has not actively marketed their systems outside of their
company; however, those companies which were previously held by G.E. retained
and are applying G.E. Standard Data and CASA III. Specific areas in which the
systems are currently being used and the number of users in each area are as

follows:

° Electronics Assembly - 5
° Electrical/Measurement - 11

°  Consumer - 2

REFERENCE SOURCE:

General Electric Company
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MTM-1, 4M, 2M

CONTACT: Dirk Rauglas, Dir.-Research & Tech. Sup.
COOMPANY: MTM Association

ADDRESS: 1411 Peterson Avenue, Park Ridge, IL 60068
PHONE : (312) 823-7120

SYSTEM HISTORY:

The Methods Time Measurement (MIM) predetermined time system was developed
from 1940 to 1948 by Harold B. Maynard, A. J. Stegemerten, and John L.
Schwab. During that time, they were retained by Westinghouse Electric

Corporation to implement a methods improvement program.

Films of operators performing common industrial operations were analyzed and
broken down into the simplest of motions. Once isolated, each motion was
rated and timed to arrive at an average time to perform the operational
element. Further tests showed that the times developed for the operational
elements could be applied to other jobs with consistent results. These studies
became the basis for the first MIM tables.

The ensuing years consisted of continued development and validation. Cornell
University conducted an independent investigation of the data and reported to
the American Society of Mechanical Engineers that their investigation
supported the methodology and approach used by MIM, and validated the accuracy
of the data developed.

Since the system's inception, the MIM Association worldwide has continued
research and development into facilitating the application of MIM-1 in those
areas where application variations could affect the accuracy of standards
developed from MIM-1 data. As a result, permutations of MIM-1 have evolved
and shall be discussed individually within this reference guide.

SYSTEM DESCRIPTION:

MIM-1, the basis of the MIM family of predetermined time systems, uses a
procedure which analyzes manual operations and/or methods into basic motions
and assigns to each motion a time standard which is determmined by the nature

of the motion and the conditions under which it is mado.
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The MIM-1 system consists of seven action categories containing 26 basic

motions, that are used to describe manual activities as follows:

ACTION CATEGORY BASIC MOTION BASIC OODE
Obtain Action Reach R
Grasp G
Release RL
Locate Action Move M
Position P
Rotate Action Turn T
Crank @©
Force Action Apply Pressure AP
Recoil Action Disengage D
Eye Action Eye Focus EF
Eye Travel ET
Body Action Foot Motion 1301
Leg Motion M
Sidestep SS
Turn Body TB
Walk W
Bend B
Arise Bend AB
Stoop S
Arise Stoop AS
Kneel One Knee KOK
Kneel Both Knees KBK
Arise Kneel One Knee AKOK
Arise Kneel Both Knees AKBK
Sit SIT
Stand STD

SYSTEM APPLICATION:

MIM-1 can be applied manually or by using the computer system, 4M. Both
applications are described on the following page:
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MANUAL:
The methodology used in applying the manual MIM-1 system to develop
elemental, standard, and/or multilevel data is as follows:

= Observe and document the operation being performed. If visualized,
the method must be verified by actual shop floor observation.

= Secure complete and detailed information about the operation,
including the detailed identification of the operation, tools, work-

place layout, and conditions.

= Analyze the operation to identify and classify all left/right hand
motions or motion sequences required for performing the operation,
and identify simultaneous motions. In the case of simultaneous
motions, the greater time of the two is used.

= Record the motions using the proper MIM conventions for the system
being used and document them on the MIM Activity Analysis Forms.

- Assign Time Values (TMUs) to the motions by entering the proper times
from the MIM Data Card.

= Add up the time values to obtain the total time required for the
operation studied. The time obtained will be the time required for

an operator of average skill, working with average effort.

= Add the required allowances such as personal, fatigue, unavoidable

delay, etc.

= Validate and apply the standard.

An example of an operation analysis using the manual MIM-1 system is shown
on the following page.
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ot__W

MTM Sheet
® OPERATION: Tighten nut with SYSTEM: _MIM-
MTM ASSOCIATION open end wrench STUDY NO.
FOR STANDARDS
AND RESEARCH OATE: ____
Tt R Tirere ANALYST:
LEFT HAND DESCRIPTION F 4 ™U g F RIGHT HAND DESCRIPTION
MOTION MOTION
Reach for open end R10B |11.5
wrench
Grasp wrench GlA 2.0
Regrasp for control G2 5.6
Move wrench to
other hand M10A |11.3} R10A Reach to wrench in
other hand
G3 5.6| G3 Transfer wrench
from L.H. to R.H.
20.4| M18C Move wrench to nut
9.1] P1SSE Position wrench to
nut
2.5 M1A Move wrench to nut
9| M6B Move wrench to
tighten nut
16.2} APB Final tighten
12.2| M10OB Move wrench aside

to work bench

2.0| RL1 Release wrench on

work bench
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OOMPUTER :

The 4M system is a computer-based approach for creating and maintaining
labor standards and standard data. The 4M Data generator provides MTM-1
precision through 4M Get/Place coding, automatic application of simo
rules, and editing for error detection. The system generates standard

reports, operator instructions, and MIM-1 backup of 4M elements. Features
included with 4M are:

Methods Improvement Indices: a guide to work simplification and
methods improvement.

= Data Base Maintenance: allows the analyst to remove, add or modify
data as required. A Mass Update routine utilizes a single command to

update all standards effected by a given element change.

- Data Base Review: allows the analyst to view the entire data base or
any portion of the data base.

= Multilevel Data: is supported for higher data levels.

= User-Defined Elements: existing elements are loaded to the 4M system
which handles these elements as it would any MIM-based element.

= Error Detection: edit routines check all data prior to updating the

data base. Error messages are automatically generated.

= Quick Change: provides the engineer with the ability to create a new

standard by referring to a similar operation currently on file.

= Internal Time Calculations: identifies manual elements as being

internal to a process element.

= Simulation Capability: permits the analyst to test several methods
before selecting the one to be used.
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= Operator Instructions: provides detailed operator instructions in

plain language for use by operating personnel.

= Report Generation: generates a series of reports designed to be
utilized at all levels of the organization. These include:

L 4M Element Analysis

°°®  4M Operation Analysis

&P 4M Operation Analysis - Abbreviated
o Operation Standard Report

°¢  Summary Operator Instructions
°°®  Operator Instruction Report
e Element Master File Report

°°®  Operation Master File Report
29 Study Index File Report

LI Element Where-used Report

°¢  MIM Analysis

- Formula Application: provides formula capability which allows the
user to develop, evaluate, and apply mathematical formulas.

An example which illustrates the 4M system is as follows:

- OBTAIN REQUIRED TOOLS FOR WIRING MOTOR

PROCESS NET
LH MOTIONS RH OR BODY WOTIONS FREQ TIME  LH  RH MANUAL

010 TOOLS WERE ALREADY ON BENCH WITH EXCEPTION OF PLIERS
020 WPO -4 WALK OBS TO CABINET FOR KEY 680 630
030 G12 -15 GET KEY FROM HOCK 180 180
040 WIO -9 WALK OBS TO CABINET FOR PLIERS 1530 1530
050 P221-8 INSFRT KEY TO LOCX 314 314
060 TIS TURN KEY 8 28
070 Gl2 6  GET DRAWER 115 115
D8O GET KEY Gl2 -5  FO2 -8 PULL DRAWER OPEN 108 106 108
090 SET KEY ON CABINET P02 8  G41 -6  GET PLIERS 106 184 189
100 WPO -7 WALK OBS BACK TO WCRKSTATION 1190 1190
110 P02-13 PLACE PLIERS ON BENCH 1190 1190
FLEMENT SUBTOTAL 4474
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The 4M system is available in two versions as follows:

° M IIA: is an on-line interactive system which allows for establishment
of standards through a terminal which can be is used for input, main-
tenance and inquiry. All error checks, warning displays, and corrections
occur on an interactive real-time basis. The final Jjob instruction
sheets, standard documentation, and other reports may be requested and
displayed through the terminal and transferred to a line printer for hard
copy.

S MOD IIB: is a batch-processed system. The analyst develops the method on
input sheets which are processed into card images and are run under the
control of a Job Control Language (JCL). Various printed output reports
are generated as requested. In addition, selected hardware configurations
support the use of a Remote Job Entry (RJE) system for the input of data.
Under this system the analyst utilizes a terminal for input, maintenance
and inquiry of data. All error checks, warning displays, and corrections
occur on an interactive basis, while all processing of data occurs on a
batch basis.

The system vendor states that, based on discussions with MIM-1 instructors and
practitioners and various tests, the speed of manually applying the MTM-1
system is conservatively estimated at 250 times the length of the cycle
studied for an operation which is non-repetitive and requires the documenta-
tion of the operation. At its basic level the 4M computerized system is said
to result in application speeds which are five to 10 times faster than the
manual application speeds.

MIM-1 can be applied to manual activities which are definable in terms of the
activity's content and beginning and completion points. The system vendor
states that MIM-1 is best applied to short-cycle jobs that are highly

repetitive, with minimal method variations.

-53-



The MIM-1 predetermined time system can be applied by computer using a number
of software packages that have been developed utilizing the MIM-1 data. The
MIM Association supports two computer-based systems which use MIM-1 data, 4M

and 2M. The hardware configurations on which each system will operate are as

follows:
4M - MOD IIA 4M - MOD IIB
- Data General - UNIVAC - 1100, 90/30
- DEC VAX 11/780 - IBM - 0S8, DOS
- IBM - IMS - IBM System 34, 36
- IRM - CICS - IBM System 38
- IBM - PCXT, AT or compatible - Hewlett Packard 3000
- PRIME
2

- 1Is available on any of the hardware configurations
listed above.

TRAINING/TECHNICAL ASSISTANCE:

Both lecture and programmed instruction formats are available for MIM-1 and 4M
learning. 4M is a proprietary system and is only available through the MM

Association. MIM-1 training is available from four sources:

MIM-licensed instructors as follows:
- MIM Association

= Sel f-employed

= Consulting firms

= Private or public-sector campanies

The MIM Association determines analyst and instructor training requirements,
maintains certification, and conducts periodic update examinations to assure

analyst and instructor competence.
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Two MIM-1 training courses are available:

S MM - 1A: An 80-hour (two-week) course which includes complete
coverage of the theory and principles of MIM-1, laboratory problems,
and thorough practice in the analysis of industrial and business
operations. Blue Card™ certification in MIM-1 (80) 1is issued
following successful completion of a written certification

examination.

° MM - 1B: A 40-hour optional course which upgrades MIM-1 certifica-
tion to an MIM-1 (120) Blue Card™. It gives an appreciation of the
MIM family systems. Other subjects include Methods Improvements with
MIM, System Selection Parameters, Standard Data System Construction,
and Occupational Economics. Blue Card™ certification in MTM-1 (80)
for at least 60 days is a prerequisite for this course. Submission
of evidence of MIM-1 application is required. The course is a

prerequisite for MIM instructor candidates.

Blue Card™ certification is only issued following completion of MIM-
Association-approved training courses. Applicators and instructors are
recertified on a three-year cycle. The MIM Association prescribes procedures

for reinstatement of lapsed certification.

SYSTEM COSTS:

The costs associated with the basic MIM-1, 4M - MOD II, and 2M systems are
shown in the table on the following page:
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COST CATHGORY LIST PRICE

=l o MTM ASSOC. NON-
MEMBERS MEMBERS
Public Training Courses
from the MIM Association
° MIM - 1A: 700 $ 800
° MIM - 1B: 400 450
° 4M - II (5 days) 500 550
° 4M - II (3.5 days) 500 550
On-site Training Courses (1)
from the MTM Association
° MIM - 1A: $8,000 $8, 500
° MIM - 1B: 4,500 5,000
° 4M - II (5 days) 5,000 5,500
° 4M - II (3.5 days) 4,000 4,500
Programmed Instruction (6)
Annual Lease
° MIM-1 3,000 3,200
° 4aM 2,000 2,200
4 System Prices (2)(3)
° ITIA: DATA GENERAL $36,000 $36,500
° ITA: IBM CICS or IMS 39,000 39,500
° ITA: DEC VAX 11/780 39,000 39,500
° IIA: PRIME 39,000 39,500
° IIA: 1IBM PCXT/AT 39,000 39,500
° IIB: IBM SYSTEM 34/36 36,000 36,500
° IIB: 1IBM OS or DOS 39,000 39,500
° IIB: 1IBM SYSTEM 38 39,000 39,500
° IIB: UNIVAC 1100 90/30 39,000 39,500
° IIB: HP 3000 39,000 39,500
2M System Prices (2)
° CORE PROGRAM $19,000 $19,500
° MIM-UAS DATA SET 100 600
° MIM-V, C, M, and MEK 800 1,300

NOTES: (1) Cost stated is for training of up to seven
analysts. Each additional analyst (over seven)
shall cost the amount shown for the Public
Training Courses.

(2) Includes training and installation.

NOTES continued on the following page.
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(38) All prices are for the initial CPU and/or PC site. Additional
CPUs and/or PC sites may be sold at a reduced price.

(4) Additional entities must pay an access charge of 33.3% of the
total system price.

(5) MIM-UAS, V, C, M, and MEK are only available to authorized users
of the respective manual system.

(6) Costs stated are for the first year and the initial site.

COMPLIANCE WITH ML, STD 1567A:

The MIM-1/4M predetermined time systems are in compliance with the specific
requirements set forth in MIL STD 1567A. Based on our review of statistical
backup data provided by the vendor, the system will theoretically generate
standards with an accuracy of at least +10% at a 90% confidence level. (See

System Accuracy Section). Those specific requirements which have been met are
as follows:

All Type I standards must reflect an accuracy of +10% with a 90% or

greater confidence at the operational level.
Documentation of an operations analysis.

A record of standard practice or method followed when the standard
was developed.

A record of rating or leveling.
A record of the standard time computation including allowances.

A record of observed or predetermined time system time values used in
determining the final standard time.

Provision of an audit trail down to the elemental standard time
level.
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STRENGTHS AND WEAKNESSES:

Strengths and weaknesses and/or constraints identified are based on
discussions with users of the MIM-1 predetermined time system in conjunction
with 4M. The comments listed below are based on these discussions and, while
a broad range of industries were sampled, comments should not be considered
universal and therefore may not be applicable to all manufacturing

environments:

4 System is flexible.

3 Standard data can be developed.

S Updates are provided frequently.

° Accurate.

° Human error eliminated.

° Easy to learn and apply.

9 Easy to maintain.

MIM Association holds a user's conference once a year.
i Faster than and as accurate as manual MIM-1.

2 Many reports can be generated.

& Saves on writing, typing, and filing.

4 Standards are auditable.

° MIM provides updates.

° Very minute - requires a lot of work to get to a particular

pattern. Is sanewhat cumbersane.

SYSTEM USERS:

Because of the large number of users and the fact that MIM-1 is a public

system, the system vendor was unable to provide users by manufacturing type.
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The MIM-1/4M system is currently being used in 128 plants which represent a
variety of industries including:

Defense
Aerospace
Electronic
° Medical
Appliances
2 Cosmetics

REFERENCE SOURCE:

MIM Association
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MTM-2, ADAM

OONTACT: Dirk Rauglas, Dir.-Research & Tech. Sup.
OOMPANY: MITM Association

ADDRESS: 1411 Peterson Avenue, Park Ridge, IL 60068
PHONE : (312) 823-7120

SYSTEM HISTORY:

In the development of MIM-2, research material was provided principally by the
MIM Data Group in Sweden. MIM analyses from different industries and work
areas were collected, checked, and then processed on a canputer programmed to
yield information about motion sequences and frequencies. The Swedish sample
contained approximately 14,000 motions. Further analyses of sample patterns
were obtained from the U.S. (about 5,000 motions) and from the U.K. (about
3,000 motions).

Research findings revealed that two main motion sequences offer the best basis
for the combination of data. These sequences include a REACH, GRASP, RELFEASE
sequence and a MOVE, or MOVE and POSITION sequence. MIM-2 was approved by the
International MIM Directorate in 1965, and in 1970 was approved by the
U.S./Canada MIM Association.

SYSTEM DESCRIPTION:

The MIM-2 predetermined time system may be defined as a synthesized system of
MIM data on the second generic level based exclusively on MIM-1 single motions
and motion sequence combinations. The elements employ an alphanumeric coding
system.

There are nine categories of manual motions with 39 time values. The nine

motion categories are:

MOTION SYMBOL
Get G
Put p
Apply Pressure A
Regrasp R
Eye Action E
Crank C
Step S
Foot Motion F
Bend and Arise B
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MIM-2 has a smaller number of distance ranges and cases of control as compared
to MIM-1. Therefore, the principal advantage of MIM-2 is its speed of appli-
cation which is generally considered to be twice that of MIM-1.

ADAM is an on-line interactive system for creating and maintaining labor
standards and standard data. ADAM was designed to incorporate, in any
combination, the following MIM Systems:

. MTM-2
= MTM-UAS
2 MTM-V
° MTM-C
° MIM-MEK

In addition, ADAM will accept and apply data developed from any other source
such as time study or standard data.

SYSTEM APPLICATION:

MIM-2 can be applied manually or by computer. The manual application consists
of using the data contained on the MIM-2 Data Card for elemental, standard,
and/or multilevel data development. The general procedures employed in
standards development are:

° Observe the operation. If visualized, the method must be verified by
actual shop floor observation.

Document detailed information about the operation including operation
location, operators, part, manual, equipment, and quality require-
ments.

Analyze the operation to identify and classify all the motions or
motion sequences required for performing the operation and to account
for right and left hand motions made simultaneously. In the case of
simultaneous motions, the greater time of the two is used.
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Record the motions using the proper MIM conventions for the system
being used and document them on the MIM Activity Analysis Forms.

Assign Time Values (TMUs) to the motions by entering the proper times
fran the MIM Data Card.

2 Add up the time values to obtain the total time required for the
operation studied. The time obtained will be the time required for

an operator of average skill working with average effort.

= Add the required allowances such as personal, fatigue, unavoidable
delay, etc.

2 Validate and apply the standard.

ADAM, the automated data application and maintenance program, utilizes the
standard MIM-2 notations and applies MIM-2 rules.

The primary features of ADAM are:

2 System Setup Options: have been provided to allow the user to
custanize keyboard control.

° User Variable Options: have been provided to allow the user to
customize the ADAM installation to meet his specific needs.

S Simplified Input Effort: has been achieved through the use of free-
format input.

° User-Defined Elements: are input by keying in the element code,

element time, and element description.

° Immediate Error Detection: is provided by routines which check each
entry for validity.
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° Internal Time Calculations: are handled by identifying all manual
elements which are internal to a machine cycle. ADAM performs the
necessary analysis and computes the total time by applying the proper

manual and process allowances to each element.

° Data Storage: is accomplished by a single key stroke followed by
inputting an element code of up to 20 characters and a user-created

element description.

B Multilevel Data: is supported to higher data levels.

° Formula Application: is fully supported by ADAM.

° Data Base Maintenmance: 1is supported through editing routines which
allow the analyst to get an element; modify, remove or insert data to

the element; and subsequently save the element. A Mass Update Pro-
gram allows the analyst to update all standards effected by editing.

° Data Base Review: allows the user to view portions of or the entire
data base.
2 Activity Log: function provides the user with a complete listing of

all changes made to the data base.

According to the system vendor, the application time for manual MIM-2 is
conservatively estimated to be 150 times the length of the cycle when the
cycle is non-repetitive and includes method documentation. When applied by
computer using the ADAM software package, the application time is five to 10
times faster.

MIM-2 has been used in a wide variety of applications including: metal-
working and manufacturing industries; electrical and electronic~-camponent
assemblies; office and clerical applications ; and other types of businesses
and industry. The MIM Association states that the MIM-2 system is most
applicable to highly repetitive work with variations from cycle to cycle and
to short-cycle lengths in the one-to-five-minute range.
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ADAM is currently available using the following hardware configurations:

° Apple II Plus

5 Apple IIE

$ Apple III

[ IBM PC, XT, or compatibles
¥ TI Professional Camputer

TRAINING/TECENICAL ASSISTANCE:

A lecture approach is used in training individuals in the application of MIM-

2. Training is available from four sources:

g The MIM Association
g MTM-licensed instructors who are self-employed
MIM-licensed instructors who are employed by consulting firms
o MIM-licensed instructors who are employed by private or public-sector
canpanies
The MIM Association determines analyst and instructor training requirements,
maintains certification, and conducts update examinations to assure analyst

and instructor competence. Recertification is required every three years.

Two MIM-2 Training Courses are available:

°  MIM-2A: BLUE CARD™ certification in MIM-1 is a prerequisite. A 40-hour
(one-week) course covering the theory and application of MIM-
2. Opportunity for laboratory instruction and practice in the
use of MIM-2 data is provided. Blue Card™ certification in MIM-
2 1is issued following successful completion of a written

certification examination.

®  MIM-2B: No prerequisite. A 64-hour (eight-day) course containing 24
hours (three days) of methods improvement and work-simplifica-—
tion training with relation to MIM. An appreciation of MTM-1 is
also provided. The remaining 40 hours (one week) is identical
to MIM-2A. Blue Card™ certification in MIM-2 is issued
following successful completion of a written certification

examination.
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Blue Card™ certification is only issued following completion of MIM

Association approved training courses.

SYSTEM COSTS:

The costs associated with the MIM-2 and ADAM systems are shown in the table
below:

LIST PRICE
COST CATEGORY MIM ASSOC. NON-
MEMBERS MEMBERS

Public Training Courses
from the MIM Association

< MTM-2A $ 400 $ 450

3 MTM--2B 600 650
On-Site Training Courses (1)
from the MIM Association

° MTM-2A 5,000 5,500

° MTM-2B 6,000 6,500
MIM-2 Instructor Seminar and Fxam 700 —
MIM-2 Annual Instructor License 250 —
ADAM System Prices (2) 3)

2 Core Program 18,000 18,500

e MTM-2 Data Set 3,000 —_—

2 MTM~-UAS Data Set 1,000 —

MIM-V, C & MEK Data Set (4) n/C =

NOTES: (1) Costs stated include training for up to seven analysts. FEach
additional analyst (over seven) shall cost the amount shown for
the Public Training Course.

(2) All prices are for the original installation site. Additional
sites may be sold at a reduced price.

(3) One day of assistance is included in the price of the ADAM
program at the original site. Additional assistance is
available at a cost of $800 per day.

(4) MIM-V, MMM-C and MIM-MEK Data Sets are available only to
licensed users of the corresponding manual system.
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OOMPLIANCE WITH MIL STD 1567A:

The MTM-2 predetermined time system is in compliance with the specific
requirements set forth in MIL STD 1567A. Based on our review of statistical
backup data provided by the vendor, the system will theoretically generate
standards with an accuracy of at least +10% at a 90% confidence level. (See
System Accuracy Section). Those specific requirements which have been met are
as follows:

° All Type I standards must reflect an accuracy of +10% with a 90% or
greater confidence at the operation level.

Documentation of an operations analysis.

° A record of standard practice or method followed when the standard
was developed .

A record of rating or leveling.
A record of the standard time computation including allowances.

A record of observed or predetermined time system time values used in
determining the final standard time.

3 Provision of an audit trail down to the elemental standard time
level.

STRENGTHS AND WEAKNESSES:

Strengths and weaknesses and/or constraints identified are based on
discussions with users of the MIM-2 predetermined time system. The comments
listed below are based on these discussions and, while a broad range of
industries were sampled, comments should not be considered universal and

therefore may not be applicable to all manufacturing environments:

q System is easily learned and applied.
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o Computerized application provides improved speed, accuracy and
consistency of application, and enables the user to more easily
modify standards, perform mass updates, and develop and analyze
"what-if" scenarios.

° Computerized system will accept and manipulate data developed
utilizing other work measurement systems or techniques.

Past user support provided by the system vendor has been exceptional.

The system generates several types of informational reports for use

by management personnel.
The computer program is written in Pascal and cannot be interfaced
with other systems; however, an interface program is currently being

developed by the system vendor.

Use of the system requires a fundamental knowledge of computers.

SYSTEM USERS:

Because of the large number of users and the fact that MIM-2 is a public
system, the system vendor was unable to provide users by manufacturing type.
The MIM-2/ADAM system is currently being used in 32 plants which represent a
variety of industries as follows:

° Electronic
s Defense

° Computer

2 Medical

° Finance

P Aerospace

REFERENCE SOURCE:

MTM Association.
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MTM-3

QONTACT: Dirk Rauglas, Dir.-Research & Tech. Sup.
OOMPANY: MTM Association

ADDRESS: 1411 Peterson Avenue, Park Ridge, IL 60068
PHONE : (312) 823-7120

SYSTEM HISTORY:

The MIMM-3 predetermined time system was developed by the Swedish MIM
Association with assistance provided by both the United Kingdom and Finnish
groups. Development began in 1967 and the system was approved by the
International MIM Directorate in 1970.

The primary objective of the system is to cover low-repetition, long—-cycle

work.

SYSTEM DESCRIPTION:

According to the system vendor, the MIM-3 predetermined time system may be
defined as a synthesized system of MIM data based on MIM-1 motion sequences or

averaged individual motions.

There are four categories of manual motions as follows:

MOTION SYMBOL
Handle H
Transport T
Step and Foot Motion SF
Bend and Arise B

Two of these motions, HANDLE and TRANSPORT, have variable categories, case and
distance. Only 10 time values appear on the MIM-3 Data Card, ranging in value
from 7 TMU to 61 TMU.
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SYSTEM APPLICATION:

MIM-3 is an entirely manual system which utilizes an MIM-3 Data Card and
Standard Data as its mode of standards development.

The methodology used to apply the MIM-3 system to develop elemental, standard,
and/or multilevel data is as follows:

O Observe and document the operation being performed. If visualized,
the method must be verified by actual shop floor observation.

1 Secure complete and detailed ‘information about the operation,
including the identification of the operation, tools, workplace

layout, and conditions.

Q Analyze the operation to identify and classify all left/right hand
motions or motion sequences required for performing the operation and
identify simultaneous motions. In the case of simultaneous motions,
the greater time of the two is used.

Record the motions using the proper MIM conventions for the system
being used and document them on the MIM Activity Analysis Forms.

° Assign Time Values (TMUs) to the motions by entering the proper times
from the MIM Data Card.

° Add up the time values to obtain the total time required for the
operation studied. The time obtained will be the time required for

an operator of average skill working with average effort.

Add the required allowances such as personal, fatigue, unavoidable
delay, etc.

2 Validate and apply the standard.
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According to the system vendor, the application of MIM-3 has been conserva-
tively estimated to be 50 times the length of the cycle when the cycle is non-
repetitive and includes method documentation.

MIM-3 has been used in a wide variety of applications including: metalworking
and manufacturing industries; electrical and electronic-component assemblies;
office and clerical applications; and other types of businesses and industry.
The MIM Association states that the MIM-3 system is most applicable to non-—

repetitive work with wvariations and cycle lengths in the four-to-15-minute
range.

TRAINING/TRCHNICAL ASSISTANCE:

Both lecture and self-paced programmed instruction formats are available for

MIM-3 learning. Training is available fram four sources of licensed MTM
instructors as follows:

= MIM Association

S Sel f-employed

Consulting firms

Private or public-sector companies

The MTM Association determines analyst and instructor-training requirements,
maintains certification, and conducts update examinations to assure analyst
and instructor campetence.

MIM-2 certification is a prerequisite for MIM-3 certification. Applicators
receive a 24-hour (three-day) course covering the theory and application of
the MIM-3 system. Blue Card™ certification is only issued following
completion of MTIM-Association-approved training courses. Applicators and
instructors are retested on a three-year cycle.
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SYSTEM OOSTS:

The costs associated with the MIM-3 system are shown in the following table:

LIST PRICE
COST CATEGORY MIM ASSOC. NON-
MEMBERS MEMBERS
Public Training Course $ 300 $ 350
On-Site Training Course(l) 4500 5000
Instructor Seminar and Exam 600 ==
Annual Instructor License 250 ==

NOTES: (1) Costs stated include training for up to seven analysts.
Each additional analyst (over seven) shall cost the amount
shown for the Public Training Course.

(2) Costs listed are those charged by the MIM Association.

COMPLIANCE WITH MIL STD 1567A:

The MIM-3 predetermined time system is in compliance with the specific
requirements set forth in MIL.STD.1567A. Based on our review of statistical
backup data provided by the vendor, the system will theoretically generate
standards with an accuracy of at least +10% at a 90% confidence level. (See

System Accuracy Section). Those specific requirements which have been met are
as follows:

All Type I standards must reflect an accuracy of #10% with a 90% or
greater confidence at the operation level.

Documentation of an operations analysis.
A record of standard practice or method followed when the standard
was developed.

A record of rating or leveling.

A record of the standard time computation including allowances.
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A record of observed or predetermined time system time values used in
determining the final standard time.

i Provision of an audit trail down to the elemental standard time

level.

STRENGTHS AND WEAKNESSES:

Since MIM-3 is a public system, the MIM Association was unable to provide any
users of the systenm. Therefore, no strengths and weaknesses could be
identified.

SYSTEM USERS:

Since MIM-3 is a public system, the MIM Association is unable to provide
comprehensive records of all users.

REFERENCE SOURCE:

MTM Association
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MTM-MEK

OONTACT: Dirk Rauglas, Dir.-Research & Tech. Sup.
OOMPANY: MTM Association

ADDRESS: 1411 Peterson Avenue, Park Ridge, IL 60068
PHONE : (312) 823-7120

SYSTEM HISTORY:

The MIM-MEK predetermined time system was developed by a consortium brought
together by the German MIM Association, Swiss MIM Association, and Austrian
MIM Group. MIM-MEK was developed from MTM-1 utilizing statistical analysis
combined with conventional standard data techniques. The system is suited for
the measurement of one-of-a-kind and small-lot production. Development of the
system occurred during the period of 1975 through 1982.

SYSTEM DESCRIPTION:

MIM-MEK is a two-level data system developed specifically for the measurement
of any activity that has the characteristics of one~-of-a-kind or small-lot
production. The statistical concepts utilized in developing MTM-MEK preclude
the need to develop organized methods to accurately apply the system. This
allows for the development of both preproduction and production standards in
environments where work organization is minimal or nonexistent.

MIM-MEK can be used to analyze all manual activities as long as the following

characteristic requirements of a low methods level are met:

The task is not highly repetitive or highly organized. The activity
may contain similar elements demanding differing methods. The method
used to perform a given operation will nomally vary from cycle to
cycle.

° The workplace, tools and equipment used must be universal in
character.
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2 The task, being complex in nature, requires a high degree of employee
training, while the lack of a specific method to accamplish the task
requires a high degree of versatility on the part of the operator.

In addition, MTM-MEK is specifically applicable:

9 As an analyzing system.

o As a method for establishing preproduction labor standards from
drawings and bills of material.

2 To customized products.

3 As an analyzing system for developing standard data blocks.

e To activities with ongoing methods variation.

SYSTEM APPLICATION:

MIM-MEK, rather than focusing on an exact knowledge of the motion sequence
involved in an activity, centers on the peripheral conditions under which the

motion sequence takes place.

It is therefore not stated how complicated a motion sequence is, rather only
that it takes place. The motion sequence is represented by coding indicating
how exact the sequence is, over what distance range it takes place, and how
much weight or bulkiness is involved. These same variables are available
during planning analysis, thereby allowing for the development of pre-
production standards. When preproduction standards are developed, they must
be verified by actual shop floor observation.

MIM-MEK consists of 51 time values in the following categories:

° Get and Place ° Motion Cycles

° Handle Tool ° Fasten or Loosen
° Place $ Body Motions

S Operate . Visual Control
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MIM-MEK can be applied using the following techniques:

< Manual application through the use of the MIM-MEK Data Card.

9 Automated application through the use of an MIM-MEK Data Set
incorporated into 4M, 2M or ADAM.

An example of an operation analyzed using MIM-MEX is presented below:

Element Occurrence ™U per
No. Description Reference MU per Cycle Cycle
1 Assemble Flange and Packing
Get /Place Flange to Bench KAA4 120 1 120
Get/Place Packing to Flange KAB4 160 1 160
Align Pinhole Image KPB1 40 1 40
Seat Flange KAB3 920 1 90
Align Flange KPB1 40 1 40
2 Secure with 4 Bolts
Assemble Bolts KA-SED 490 4 1960
KEH4 120 1 120
and Obtain Nuts KET4 70 2 140
Get/Place Washers KAB3 90 4 360
Tighten Diagonally KA-SEI 190 4 760
Total TMU Per Cycle 3790
Allowances 15 % 4359
Standard Hours Per 1 Unit .04359
Units Per Hour 2.94
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According to the system vendor, MIM-MEK has been found to be from 16 to 50
times faster to apply than MIM-1. Application times range from five to 15
times the cyclé time, depending on the amount of MEK Standard Data Blocks
utilized. The system vendor states that; to obtain the system's stated
accuracy, it is best applied to operations with cycle times of 21.3 minutes or

longer.

TRAINING/TECHNICAL ASSISTANCE:

Lecture, demonstration, and practical exercises are the main approach of MTM-
MEK training. Training is available fram the MIM Association or from licensed
instructors who are employees of firms licensed to use the MIM-MEK system.

Certification in any of the other MIM systems is a prerequisite to MIM-MEK
training. Certification in MIM-MEK requires successful completion of a 40—
hour (five-day) course and passing a written final examination. Certification
is performed solely by the MIM Association.

The MIM Association determines analyst and instructor training requirements,
maintains certification, and conducts update examinations to ensure analyst

and instructor campetence once every three years.

SYSTEM QOSTS:

The costs associated with the MIM-MEK system are shown in the following table:

LIST PRICE
COST CATEGORY MTM ASSQOC. NON-
MEMBERS MEMBERS
MTM-MEK, Martial System (1) $9,000 $9,500
On-Site Training Course (1) 5,000 5,500
Instructor Training and Exam 700 =
Annual Instructor License 250 -
NOTE: (1) Costs stated include training for up to seven
analysts.
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OOMPLIANCE WITH MIL STD 1567A:

The MIM-MEK predetermined time system is in compliance with the specific
requirements set forth in MIL STD 1567A. Based on our review of statistical
backup data provided by the vendor, the system will theoretically generate
standards with an accuracy of at least #10% at a 90% confidence level. (See

System Accuracy Section). Those specific requirements which have been met are
as follows:

° All Type I standards must reflect an accuracy of +10% with a 90% or
greater confidence at the operation level.

° Documentation of an operations analysis.

° A record of standard practice or method followed when the standard
was developed.

° A record of rating or leveling.

A record of the standard time computation including allowances.

A record of observed or predetermined time system time values used in
determining the final standard time.

Provision of an audit trail down to the elemental standard time
level.

STRENGTHS AND WEAKNESSES:

Strengths and weaknesses and/or constraints identified are based on
discussions with users of the MIM-MEK predetermined time system. The comments
listed below are based on these discussions and, while a broad range of
industries were sampled, comments should not be considered universal and
therefore may not be applicable to all manufacturing environments:

o

System is accurate for long-cycle, low-repetition tasks.
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° Fast application time.
% Easy to learn and apply.
2 Cost-effective.

2 Easy to audit.

° MTM Association provides user conferences.
° Allows for variations in job conditions.
2 Computer descriptions lose some detail as more work is combined into
an element.
2 Need more actual examples in the training manual.
NOTE: It was found that many companies are using 4M, MIM-UAS, and MIM-MEK

as complementary systems with 4M for short-cycle, UAS for medium-
cycle and MEK for long-cycle, low-repetition Jjobs.

SYSTEM USERS:

MIM-MEK has been or is being used in 19 different companies representing a

variety of industries including:
° Aerospace
2 Defense

° Railroad

REFERENCE SOURCE:

MIM Association
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MTM-UAS

OONTACT: Dirk Rauglas, Dir.-Research & Tech. Sup.
OOMPANY: MIM Association

ADDRESS: 1411 Peterson Avenue, Park Ridge, IL 60068
PHONE : (312) 823-7120

SYSTEM HISTORY:

MIM-UAS (Universal Analyzing System) was developed by a consortium of members
from the German MIM Association, Swiss MIM Association, and the Austrian MIM
Group during the years 1975-1982.

The original data was developed from MIM-1 analyses of operations filmed in
numerous plants. The operations were chosen to insure that typical character-

istics of batch production were present.

The time elements were developed comprised of well-defined motion sequences.
All time elements contain the required 'Auxiliary Motions," (e.g., Transfer
Grasp, Regrasp, and Disengage).

MIM-UAS was developed to meet the need for supplying effective work measure-
ment to the area of batch production.

SYSTEM DESCRIPTION:

MIM-UAS is a system designed for measurement of batch production activities
with the characteristics of similar tasks, designed workstations, organized
work levels, detailed operator instructions, and well-trained operators. The
system allows for the variability inherent in the batch production

environment. MIM-UAS can be applied across industries and across activities.

MIM-UAS has been developed in two levels of data. ILevel I is public data and

consists of 77 time values in the following motion categories:

° Get and Place ° Motion Cycles
° Place @ Body Motions

° Handle Tool ° Visual Control
o Operate
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Ievel II 1is proprietary and consists of data sets developed from lLevel 1

data. There are 494 time values relating to the following activities:

s Fastening Operations

E Sealing/Plugging Operations
% Assemble Standard Parts

S Transporting Operations

S Marking Operations

% Adhering/Bonding Operations
° Cleaning Operations

% Preparing Activities

2 Apply Agents

2 Assemble Cables

° Clipping Operations

SYSTEM APPLICATION:

MTM-UAS may be applied in developing standard data and for direct analysis.
MMM-UAS may be used in combination with data developed from other sources.
The system is applied using the following techniques:

2 Manual application through the use of the MIM~UAS Data Card.

° Automated application of MIM-UAS Data Sets can be accomplished using
4M, 2M, or ADAM, three computerized systems developed and supported
by the MIM Association. '

An example operation analysis using manual MIM~UAS is shown on the following

page.

According to the system vendor, the MTM-UAS system when applied manually has
been determined to be a minimum of eight times faster to apply than MIM-1,
which results in application speeds of a maximum of 30 times the length of the
activity being studied, including method documentation. In practice, it has
been found that, through the use of standard data techniques, significant
reductions in application times have been realized. When MIM~UAS data is
combined with 4M, 2M or ADAM, standard development can be accomplished in
equal or less time than the operation being analyzed requires.
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MM MTM OPERATION ANALYSIS 099123 010
o (Fi MANUAL UAS sheet 1 of 1

MTM ASSOCIATION

FOR STANDARDS

AND RESEARCH
DEPARTMENT: ANALYST: DATE: .

1009 MO 08/01/84
Element | Occurrence | TMU per
No. Description Reference TMU per Cycle Cycle
1 Assemble Brace and Bit i

Assemble Chuck to Pawl AC2 55 55
Move Brace to Work Area AA2 35 35
Assemble Chuck to Brace AC1 40 40
Turn Down ZB1 10 8 80
Assemble Bit to Brace AC2 55 55
Close Chuck BA1 10 10
Turn Down ZB1 10 6 60
Get Brace by Handle AA2 35 35
Final Tighten ZD 20 20
Aside Brace and Bit PA1 10 10

TOTAL TMU PER CYCLE| 400
ALLOWANCEs 15 %] 460
STANDARD HOURS PER 1 __ UNIT] .00460
UNITS PER HOUR | 217.39

MTMA 2803-77
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The system vendor states that MIM-UAS is universally applicable to activities
in which the following characteristics of batch production are present:

4 Similar tasks

S Workplaces specifically designed for the task
° Good levels of work organization

2 Detailed instructions

° Well-trained operators

Additionally, the MIM-UAS system is best suited for repetitive work with
variations from cycle to cycle or with variations in workplace setup and cycle

lengths in the two-to-seven-minute range.

TRAINING/TECHNICAL ASSISTANCE:

A lecture course is the approach used in training individuals in the

application of MIM-UAS. Training is available fram four sources:

° MIM Association

S MIM-licensed instructors who are self-employed

° MTM-licensed instructors who are employed by consulting firms

° MIM-licensed instructors who are employed by private or public-sector
canpanies

Two MIM-UAS training courses are available:

°  MIM-UAS-A: A 32-hour (four-day) course covering the theory and applica-
tion of the system. Opportunity for laboratory instruction and practice
in the use of UAS is provided. Blue Card™ certification in MIM-UAS is
issued following successful completion of a written certification

examination.
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® MIM-UAS-B: A 56-hour (seven—-day) course containing 24 hours (three days)
of methods-improvement and work-simplification training with relation to
UAS. An appreciation of MIM-1 is also provided. The remaining 32 hours
are identical to UAS-A. Blue Card™ certification in MTM-UAS is issued

following successful completion of a written certification examination.

The MIM Association determines analyst and instructor-training requirements,
maintains certification, and conducts update examinations to ensure analyst
and instructor competence once every three years. Blue Card™ certification is

issued only upon completion of an MIM-Association-approved training course.

SYSTEM OOSTS:

The costs associated with the MIM-UAS system are shown in the table below.

LIST PRICE
COST CATEGORY MTM ASSOC. NON-
MEMBERS MEMBERS
MTM-UAS Level II, Manual System (1) $2,000 $2,500
Public Training Courses
°  MIM-UAS-A 400 450
°  MIM-UAS-B 600 650
On-Site Training Courses (1)
°  MIM-UAS-A 5,000 5,500
°  MIM-UAS-B 6,000 6,500
Instructor Training and Exam 650 —
Annual Instructor License 250 i

NOTES: (1) Costs stated include training for up to seven
analysts. Each additional analyst (over seven) shall
cost the amount shown for the Public Training
Courses.

(2) Costs stated are for courses taught by the MIM
Association.
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OOMPLIANCE WITH MIL STD 1567A:

The MIM-UAS predetermined time system is in compliance with the specific
requirements set forth in MIL STD 1567A. Based on our review of statistical
backup data provided by the vendor, the system will theoretically generate
standards with an accuracy of at least £10% at a 90% confidence level. (See
System Accuracy Section). Those specific requirements which have been met are
as follows:

g All Type I standards must reflect an accuracy of +10% with a 90% or
greater confidence at the operation level.

Documentation of an operations analysis.

° A record of standard practice or method followed when the standard
was developed.

g A record of rating or leveling.
A record of the standard time computation including allowances.

S A record of observed or predetermined time system time values used in

determining the final standard time.

= Provision of an audit trail down to the elemental standard time

level.

STRENGTHS AND WEAKNESSES :

Strengths and weaknesses and/or constraints identified are based on
discussions with users of the MIM-UAS predetermined time system. The comments
listed below are based on these discussions and, while a broad range of
industries were sampled, comments should not be considered universal and
therefore may not be applicable to all manufacturing environments:

° System is accurate.

° Fast application time.

° Easy to learn and apply.
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° Cost-effective.

° Easy to audit.

MIM Association provides user conferences.

Can be applied to a variety of applications.

Computer descriptions lose some detail as more work is combined into
an element (i.e., as compared to 4M).

NOTE: It was found that many companies are using 4M, MIM-UAS, and MTM-MEK

as camplementary systems, with 4M for short-cycle, UAS for medium-
cycle and MEK for long-cycle, low-repetition Jjobs.

SYSTEM USERS:

MIM-UAS has been or is being used in 25 different companies representing a
variety of industries including:

2 Aerospace
° Defense

° Medical

L Electronic

REFERENCE SOURCE:

MIM Association
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MTM-V

OONTACT: Dirk Rauglas, Dir.-Research & Tech. Sup.
OOMPANY: MIM Association

ADDRESS: 1411 Peterson Avenue, Park Ridge, IL 60068
PHONE: (312) 823-7120

SYSTEM HISTORY:

M-V was developed by a consortium of organizations involved in a diversity
of machining operations and is based on MIM-1. The development of MIM-V was
under the supervision of the Swedish MIM Association and occurred during the
period of 1967-1969.

SYSTEM DESCRIPTION:

MIM-V is a data system developed to provide time standards for the manual
portions of machine-shop operations. Motions involved in setup and production

runs of machines are covered by 12 motion categories. These categories are:

° HO - Handle Object ° MA - Machine Adjustment
° HH - Handle Hand Tool ° FL. - Fasten/Loosen with
° HL - Handle latch Hand Tool

° SK - Rotate by Hand 2 MT - Use Measuring Tool
° GR - Inspect 2 KO - Use Gaging Tools

° MR - Use Marking Tools ° KP - Couple to Hoist

° BE ~ Blow or Brush off Equipment

Light, medium, and heavy manufacturing operations are covered by the MIM-V
system. MIM-V can be applied to all work within the following limits:

The size of the workpiece must not be so small as to require an aid,
such as tweezers, for handling.

° The size of the workpiece must not be so large that one man cannot

guide and direct the workpiece when it hangs from an overhead crane

or similar device.
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° The weight of the workpiece must be such that one employee working
with an overhead crane or similar device can handle the Piece without

assistance.

SYSTEM APPLICATION:

MIM-V can be used to develop elemental, standard, and/or multilevel data.
MIM-V may be used in combination with data developed from other sources and is
applied using the following techniques:

2 Manual application through the use of the MTM-V Data Card.

° Automated application through the use of MIM-V Data Sets incorporated
into the 4M, 2M, and ADAM computerized systems. (A detailed
discussion of the 4M, 2M, and ADAM systems can be found in the MIM-1,
and MIM-2 system write-ups, respectively.)

An example operation analysis using manual MIM-V is shown below:

- MARK AND DRILL OPERATION

DESCRIPTION F MOTION T™U

Mark workpiece MRA 30 190
Drill into spindle HO2 40
Put part into vise HO2 40
Crank down drill MAC2 50
Set part to drill point MAFO 30
Tighten vise by hand SKQO 100
Pin to handle - strike - tighten FLA20 110
Additional strikes FLA10 70
Start machine MAA2 20
Lower drill < 2 revolutions MAC2 50
Process time PT —
Stop machine MAA2 20
Pin to handle - strike - loosen FLA20 110
Open vise & remove piece SKA2 70
Remove drill - prying tool FLA22 140
Brush chips away BED30 280
Lift wedge HO2 40

TOTAL T™MU: 1360
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According to the system vendor, MIM-V has been shown to be 23 times faster to
apply than MIM-1 and results in theoretical application and method
documentation times of eight to 10 times the cycle time involved. When MIM-V
data is used with 4M, 2M or ADAM, the standard development activity can be
accomplished in equal to or less time than the operation being analyzed.

The MIM-V system can be applied to long-cycle, non-repetitive jobs with
variations as found in a machine-shop environment.

TRAINING/TECHNICAL ASSISTANCE:

Both lecture and programmed instruction methods are available for MIM-V
learning. Training is available fram the MIM Association and 1licensed
instructors who are employees of firms licensed to use MIM-V.

Certification in MIM-V requires successful completion of a 40-hour (five-day)
training course and passing a written certification examination. Certifica-

tion is provided solely by the MIM Association.
The MIM Association determines analyst and instructor training requirments,
maintains certification, and conducts update examinations to ensure analyst

and instructor competence once every three years.

SYSTEM OOSTS:

The costs associated with the MIM-V system are shown in the table below.

LIST PRICE

COST CATEGORY MTM ASSOC. NON=
MEMBERS MEMBERS

MIN-V - Manual System (1) $9,000 $9,500
Programmed Instruction Annual Lease(2) 2,000 2,200
On-Site Training Course (1) 5,000 5,500
Instructor Training and Exam 600 =
Annual Instructor License 250 =
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NOTES: (1) Costs stated include training for up to seven
analysts.

(2) Costs stated are for the first year and for the
initial site only.

OOMPLIANCE WITH MIL STD 1567A:

The MIM-V predetermined time system is in compliance with the specific
requirements set forth in MIL STD 1567A. Based on our review of statistical
backup data provided by the vendor, the system will theoretically generate
standards with an accuracy of at least +10% at a 90% confidence level. (See
System Accuracy Section). Those specific requirements which have been met are
as follows:

° All Type I standards must reflect an accuracy of +10% with a 90% or
greater confidence at the operation level.

Documentation of an operations analysis.

S A record of standard practice or method followed when the standard
was developed.

° A record of rating or leveling.
A record of the standard time computation including allowances.

A record of observed or predetemined time system time values used in
determining the final standard time.

Provision of an audit trail down to the elemental standard time
level.
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STRENGTHS AND WEAKNESSES:

Strengths and weaknesses and/or constraints identified are based on
discussions with users of the MIM-V predetemmined time system. The comments
listed below are based on these discussions and, while a broad range of
industries were sampled, comments should not be considered universal and

therefore may not be applicable to all manufacturing environments:

° Easy to use.

. Cost—-effective.

= Provides accurate standards.

2 Must use another method for applications not directly related to the

machine (i.e., go get blueprint or tools).

SYSTEM USERS:

MIM-V is to be used for the manual portions of machining operations and has

been or is being used in 26 companies representing a variety of industries.

REFERENCE SOURCE:

MIM Association
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MTM-TE

OONTACT: Dirk Rauglas, Dir.-Research & Tech. Sup.
OOMPANY: MTM Association

ADDRESS: 1411 Peterson Avenue, Park Ridge, IL 60068
PHONE:: (312) 823-7120

SYSTEM HISTORY:

MIM-TE was developed in the United States from 1980 to 1985 by a consortium of
companies knowledgeable in both work measurement techniques and electronic
test procedures and equipment, and is based on MTM-1.

SYSTEM DESCRIPTION:

MIM-TE is a two-level standard data system used to establish standards in the
electronic testing environment. Typical motion patterns appropriate for set-
up, testing, and teardown of units under test are covered. The two levels of
data contained in the MIM~TE system are:

LEVEL 1 LEVEL 2
C Get ° Get and Place
° Move g Read and Identify
c Body Motions s Adjust
= Identify s Body Motions
° Miscellaneous 3 Waiting

Level 3 data is also available in the form of synthesized Level 1 elements.
Users can establish level 3 data based on the methodology and frequencies
encountered at their facility.

The MIM-TE system covers basic test, repair and retest operations.

SYSTEM APPLICATION:

MIM-TE may be applied +to develop elemental, standard, and/or multilevel
data. The system is applied using the following techniques:

° Manual application is through the use of the MIM-TE Data Card.
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2 Automated application is through the use of the 4M and 2M systems.

The system vendor states that the MIM-TE system is applicable to repetitive
electronic test routines that occur in two-to-10-minute cycle lengths. In
addition, an analyst who is familiar with test operations and related equip~
ment will find the three levels of data easy to apply directly to the detailed
test procedures. The data, however, does not cover 'troubleshoot" relative to
electronic test operations. The system does provide guidelines for

investigation and recommendations for work measurement for this activity.

TRAINING/TECHNICAL ASSISTANCE:

Lecture, demonstration, and practice exercises are the major training
procedures. Employees of the MMM Association are currently the only
authorized instructors, and training in MIM-TE is only available to employees
of firms licensed to use MIM-TE.

Certification requires successful completion of a 32-hour (four—day) course
and passing of a final examination. Certification is provided solely by the

MIM Association.

The MIM Association determines analyst and instructor-training requirements,
maintains certification, and conducts update examinations to assure analyst

and instructor competence once every three years.

SYSTEM OOSTS:

System-related costs were not provided by the vendor.

OOMPLIANCE WITH MI1. STD 1567A:

The MIM-TE predetermined time system is in compliance with the specific
requirements set forth in MIL.STD.1567A. Based on our review of statistical
backup data provided by the vendor, the system will theoretically generate
standards with an accuracy of at least £10% at a 90% confidence level. (See
System Accuracy Section). Those specific requirements which have been met are

as follows:
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° All Type 1 standards must reflect an accuracy of +10% with a 90% or

greater confidence at the operation level.
° Documentation of an operations analysis.

° A record of standard practice or method followed when the standard
was developed.

A record of rating or leveling.
A record of the standard time computation including allowances.

A record of observed or predetermined time system time values used in
determining the final standard time.

Provision of an audit trail down to the elemental standard time
level .

STRENGTHS AND WEAKNESSES:

Strengths and weaknesses and/or constraints identified are based on
discussions with users of the MIM-TE predetermined time system. The camments
listed below are based on these discussions and, while a broad range of
industries were sampled, comments should not be considered universal and

therefore may not be applicable to all manufacturing environments:

Data was developed from observations and previously developed data in
a broad range of industrial applications and was verified using MTM-
1.

There are three levels of data from which a user can determine which
level is best applicable to his needs.
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° The computerized application provides improved speeds, accuracy and
consistency of application, and enables the user to more easily
modify standards, perform mass updates, and develop and analyze
"what-if" methods~improvement scenarios.

° Optimum application of the standard data requires that the analyst be
familiar with electronic test equipment and operations.

2 The system data does not cover automated or computerized electronic

test activities.

° The third level of data requires initial validation of processes to
ensure that the data included in the standard is consistent with the
operation being analyzed.

SYSTEM USERS:

MIM-TE is being used in eight different companies and is used only within the
electronic testing area.

REFERENCE SOURCE:

MIM Association
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MTM-M

QONTACT: Dirk Rauglas, Dir.-Research & Tech. Sup.
OOMPANY: MTIM Association

ADDRESS: 1411 Peterson Avenue, Park Ridge, IL 60068
PHONE : (312) 823-7120

SYSTEM HISTCRY:

MM-M was developed as a result of a consortium project involving the MIM
Association Magnification Consortium and the Department of Industrial
Engineering at the University of Michigan, conducted during the period of 1968
through 1972.

MIM-M was developed from data collected from the analysis of 20 case studies
in six industrial firms covering 48 operation cycles and is contained in a

computer data bank consisting of 5,000 lines of ""sequence" data.
The data was then analyzed and, through the use of statistical techniques,
arranged in tabular data tables for ease of application, supported by

regression equations.

SYSTEM DESCRIPTION:

The MTM-M predetermined time system is defined by its vendor as a second-level
functional system of original data, designed for the analysis and measurement
of manual assembly work performed under stereoscopic magnification of 5-to 30-
power.

Elemental data contained in the MIM-M system is directly tied to the portion
of the visual fields concerned and the hand tools employed, with mnemonic
alphabetical coding expressing the variables. Analysis is performed by
utilizing a "'direction-of-motion-travel" concept. Consequently, the tables of
data are named for motion direction rather than for the actual motions
performed during the assembly.

MIM-M consists of four major tables and one subtable which contains all of the
data necessary for system application.
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TABIE II (Inside—to-Inside): Contains time data for motions starting and

ending inside the microscopic field of view.

TABLE IO (Inside-to-Outside): Contains time data for motions starting inside

and ending outside the microscopic field of view.

TABLE 00 (Outside—to—Outside): Contains time data for motions starting and

ending outside the microscopic field of view.

TABILE OI (Outside-to-Inside): Contains time data for motions starting outside

and ending inside the microscopic field of view.

TABLE IF (Infield-to-Final-Target): Contains time data for motions continuing

inside the microscopic field of view and ending at the final target.

The selection of the appropriate data from the data tables is determined by

considering four variables:

¢ Type of Tool: Four types of +tools are provided for in the data:
Grasping, Probing, Cutting, and Stripping.

° Condition of Tool: Tools may be either Empty or Loaded.

° Terminating Characteristic of the Motion: The only transporting motion is
Move, since tools are always used (fingers are considered a tool).
Consequently, Reaches need not be considered, and moves are terminated
either by a Grasp or by a Release.

° Distance/Tolerance Ratio: Is defined as the ratio of the distance moved
to the total clearance (tolerance) at the end of the motion<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>